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The Electrification of a New Continuous 
Hot Rolled Strip Mill. 


A NEW MILL BUILT AT THE MEADOW HALL WORKS 
OF ARTHUR LEE & SONS, LTD., OF SHEFFIELD. 


By PERCY W. LEE 
Chairman of Arthur Lee & Sons, Ltd. 


and W. H. WILSON, A.M.I.M.E. 
Chief Engineer of Arthur Lee & Sons, Ltd. 


HISTORICAL. 


HE completion of a new hot rolled strip mill 
Ty at the Meadow Hall Works of Arthur Lee & 
Sons, Ltd., Sheffield, is the latest development 
of a well-known firm which started over seventy 
years ago as a small wire manufacturing concern in 


the Porter Valley, trading under the name of 
James Fairbrother. This small business grew 
at such a rate that in 1867 the original workshop 
on the banks of the Porter was discarded and 


more convenient premises were built in the industrial 
area of Sheffield. Thus was the “ Crown’’ works 





Fig. 1.—Aerial view of the Meadow Hall Works of Arthur Lee & Sons, Ltd. 
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(the present Head Office of the firm) brought into 
being. 

A change of control occurred in 1874, when the 
late Mr. Arthur Lee purchased the firm in its entirety 


the existing factory, and enables the Meadow Hall 
Works to be entirely independent of hot rolled strip 
supplies from outside sources. 








Fig. 2._-Showing the automatic furnace on the right and 


the main mill in the background. 


from Mr. James Fairbrother, 
and from 1893 the style and 
title of the firm became Arthur 
Lee & Sons, Ltd. The main 
product of the company at 
this time was rope wire made 
almost entirely from crucible 
steel melted on the premises. 
As business expanded, how- 
ever, other branches of the 
wire trade were catered for, 
the size of wire manufactured 
becoming both smaller and 
larger. Machines for flatten- 
ing wire were also installed, 
followed later by cold rolling 
mills. During this develop- 
ment, the space available at 
the Crown Works was soon 
completely occupied and it 
became necessary to build a 
new works. A site was ac- 
quired at Meadow Hall, a 
rapidly expanding manufac- 
turing centre 5 miles from Sheffield and 2} miles 
from the Crown Works. On this site a modern 
works was erected for the production of bright drawn 
wire, bright drawn bars up to 3 ins. diameter, and 
sections up to 4 ins. wide, and up to 1 in. thick. 
The latest extension, which is fully described in 
this article, is an entirely new mill built alongside 


Thus to-day the company possesses a fine series 
of mills covering over 30 acres and 
fitted with plant of the very latest 
design for the manufacture of wire, 
strip and bars. The comprehensive 
nature of its manufacturing resources 
may be gauged from the fact that 
it produces bright bars and wire of 
diameters from 3 ins. down to hair 
thickness, and flat wire and strip from 
“sin. up to 30 ins. wide. It is, more- 
Over, an interesting comparison that 
a whole year’s output of the original 
workshop of James Fairbrother could 
be obtained from the present works 
in less than a single day. 


NECESSITY FOR THE NEW MILL. 
Before describing the actual 
extensions carried out at the Meadow 
Hall Works, it will be interesting to 
consider the circumstances which 
necessitated the building of the 
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Fig. 3.—-General view of the finishing mills. 


new mill. The first cold rolling mills were put down 
in 1887, and as trade increased, a hot mill was installed. 
Since that time the cold roll trade developed to such 
an extent that the hot mill had become quite incapable 
of supplying the requirements of the cold mills. 

The policy of the firm has always been towards 
complete independency of outside sources of supply 
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other than raw material and it was therefore becoming 
increasingly evident that either the existing mills 
would have to be re-organised, or an entirely new 
mill installed. Two considerations eliminated the 
former alternative. In the first place, the re- 
organising of an existing mill would have been 
extremely expensive and could never have been 
satisfactory. Secondly, in addition to the increased 
production of narrow strip, there was a growing 
demand for wide strip. Cold rolling mills had 
actually been installed to meet this new demand 
and it would have been impossible to alter the 
existing mill in such a way as to undertake this class 
of work. 

It was therefore decided to face the issue boldly 
and to put down the most up-to-date mill which 
would meet all requirements. 


PLANNING THE NEW MILL. 


During recent years, hot rolled strip has been 
produced abroad with a very much finer finish and 


with greater accuracy than in this country and as a 
consequence there has grown up a large demand 
for hot rolled strip suitable, by reason of its 
surface condition and its physical properties, for 
forming up into the finished product without any 
further heat treatment or finishing process. In 
planning the new mill, a study was first made of 
the various types of mills available and the systems on 
which they worked. The conclusions reached are 
not without interest. It was found, for instance, 
that in America the development of hot rolling strip 
had reached a very advanced stage and that strip up 
to 6 ft. wide was being produced. The capital cost 


of such a plant can, however, only be justified by 
an enormous output. 





Fig. 4.—-Coiling machines. In the background can be seen 
some of the products of the mill. 





The Continental firms, on the other hand, had 
developed a more flexible mill which gave an equally 
good product with a wide range of sizes up to 18 ins. 

After careful consideration of the several require- 
ments, and consultation with various engineering 
firms, a Continental design was adopted embodying 
three separate units giving a range of production 
from I in. up to 16 ins. wide and down to the thinnest 
gauges. At the same time, in view of the demand in 
the existing mill for black bars for bright drawing, 
it was determined to arrange the new mill in such a 
way that at a future date it could readily be adapted 
for rolling bars. 

The scheme finally decided upon was evolved by 
Schloemann Aktiengesellschaft of Dusseldorf, in 
conjunction with the company’s engineers and 
technical staff, while practically the whole of the 
electrical equipment was manufactured and supplied 
by The General Electric Co., Ltd. Although of 
German design, a large part of the mull was 
constructed in this country by Fraser & Chalmers 


























.—Billet charging platform on top of furnace. 


Engineering Works, only a _ very 
small portion of highly specialised 
machinery having been imported. 


THE NEW MILL. 


The new mill is built alongside the 
existing works at Meadow Hall. It 
will be seen from the aerial view of 
these works, fig. 1, that the railway 
runs along both sides of the works. 
The new mill is to be seen in the 
foreground occupying the complete 
width of the site. Inthe foreground 
is the billet yard which is 4oo ft. long 
by 65 ft. wide. An overhead electric 
travelling crane unloads the billets 
from the railway wagons on the 
sidings on the right of fig. 1, stacks 
them and feeds them to the furnace. 
The same crane also conveys coal 
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Fig. 6.— 1,500 h.p., 6,300 volt, 590 r.p.m. 
induction motor, driving cogging mill 
through gearing. 


from the wagons into a storage bin. A small 
auxiliary crane is used to take one or 
more billets out of each wagon and trans- 
port it to the laboratory (situated adjacent 
to the billet yard) for analysis. 

The mill building itself is 400 ft. long by go 
ft. wide and is situated alongside the billet yard 
(fig. 1). Aninterior view of the mill taken from 
the furnace end is shown in the frontispiece, 
page 194. In the foreground is to be seen the 
cogging mill with its driving motor on 
the left, while the furnace which delivers the 
hot billets to the cogging mill is on the extreme 
right and is illustrated in fig.2. Beyond the cogging 
mill seen in the frontispiece is the platform from 
which the. cogging mill is controlled. The brick 
building on the left of this platform is the power 
house which contains the various motors driving the 
finishing mills. The latter can be seen just behind 
the control platform. These finishing mills are 
illustrated in fig. 3. It will be seen that they are 
divided into three separate units, two units running 
adjacent to and parallel with the sides of the building 
and the other running across the mill building. The 
control platform for these mills is built into the 
wall of the building facing the power house. 

At the far end of the building are situated the 
coiling machines illustrated in fig. 4. 

It is now proposed to deal with the individual 
sections of the mill in the order in which a billet 
would pass through them during the process of 
rolling it into strip. 


THE FURNACE. 
The billets are taken from the billet yard and 
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delivered by crane direct on to the 
charging platform of the furnace, fig.5. 
This furnace is of the “‘continuous 
pusher type,’’ manufactured by Stein 
& Atkinson, and embodies several 
special features which have been devel- 
oped in America for this class of work. 
The furnace is producer-gas fired, the 
gas being fed through a series of burn- 
ers so arranged that the billets are 
uniformly heated and ‘‘soaked”’ prior 
to rolling. This is the most important 
feature of the furnace, for an un- 
evenly heated billet would produce 








Fig. 7.—Another view of the cogging mill motor, showing the 
liquid starter in the background and resistance banks on the left. 


a finished product variable in gauge. 

From the charging platform the billets are fed into 
the furnace by a pushing machine which is driven by 
the 20 h.p. motor seen in fig. 5. The hot billets are 
delivered automatically, one by one, on to the live 


roller table feeding the first stand in the cogging 
mill (fig. 2). 


COGGING MILL. 


The cogging mill consists of two stands each 
three-high with rolls 21 ins. by 5 ft. 4 ins. and is 
driven by a 1,500 h.p. 6,300 volt 590 r.p.m. 
induction motor (figs. 6 and 7) through a single 
reduction gear to a totally enclosed set of double- 
helical pinions. The rolls themselves are so drafted 
that the full range of sizes of billets and slabs can be 
rolled without having to change the rolls. This is an 
important feature in view of the size and weight of the 
rolls and the time it would involve in changing them. 

As each billet is delivered from the furnace on to 
the live roller table, it automatically takes up the 
correct position for entering the first pass. After 
the first pass the billet falls on to a live roller table 
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equipped with lifting gear which lifts the billet and 
automatically returns it through the second pass. 
This process is repeated, after which the billet is 
skidded across to the second stand where it makes 
the necessary number of passes to prepare it for the 
finishing mills. 

Before the final pass in the cogging mill, the 
billet, or strip, is rolled through a vertical edging mill 
(seen just in front of the second stand of the cogging 
mill). This mill regulates the width of the strip to 
the exact dimensions required. The mill is separately 
driven by a 125 h.p. 440 volt 480/960 r.p.m. D.C. 
motor (fig. 8) through a single reduction gear. 

It is notable that all this work is automatically 
performed under the control of a single man on the 
control platform (fig. 11). 

Before leaving the main mill, it should be 
mentioned that it possesses all modern auxiliaries, 
including lifting tables, adjustment of top and 
bottom rolls, transfer skidders and mechanical 
repeaters. These are all controlled from the platform 
associated with this mill, the driving motors being 
situated below the floor level of the mill. The 
tilting table motor and the skid motor are rated at 
40 h.p. and 25 h.p. respectively and run off the 4oo 
volt 3 phase 50 cycle A.C. supply. All the live roll 
motors are A.C. squirrel cage machines, some of which 
are supplied direct from a 400 volt 3 phase 50 cycle 
system, and the others from a separate variable 
frequency motor-generator set. 


FINISHING MILLS. 


As the strip passes through the cogging mill for 
the last time it is diverted into one of two paths, 


> Ml, >> 
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‘LAVAL 





Fig. 8.—-D.C. edging mill motor, 125 h.p., 440 volt, 
480/960 r.p.m. 


depending on the width and gauge required of the 
final product. When strip of 5 ins. to 16 ins. in width 
is required it passes straight through No. 1 unit 
comprising three stands in direct line with the 
second stand of the cogging mill. When strip of 
































Fig. 9._-View in power house, showing the 1,000 h.p. and 
two 650 h.p. D.C. motors driving the finishing mills. 


less than 5 ins. width is required it is taken through 
No. 2 unit, known as the “intermediate’’ or “‘cross- 
country’ mill, which comprises five stands running 
in line across the building. Thence the strip is 
passed through two small finishing mills comprising 
No. 3 unit, the first stand of which is placed in 
tandem with the last stand of No. 2 unit. 

These three units are described in greater detail 
below. 

No. 1 Unit. 

The three stands of No. 1 unit alongside the power 
house are placed in a line to ensure the continuous 
movement of the strip as it leaves the cogging mill. 
Each stand contains three rolls mounted on roller 
bearings. The middle work roll of each stand 1s 
comparatively small in diameter and is supported on 
the top by a large backing-up roll which is driven 
by a separate variable speed A.C. motor. The 
bottom work roll of the first stand is driven by a 
1,000 h.p. variable speed D.C. motor through a 
reduction gear, while the bottom work roll on each 
of the two successive stands is driven by a 650 h.p. 
variable speed D.C. motor through reduction gear. 
Loop lifters are provided between the mills to take up 
any slack which may develop in the strip as it passes 
from one mill to the next. These loop lifters are 
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operated by special A.C. torque motors. Each unit 
is also equipped with rapid roll adjusting and roll 
changing devices, and automatic scrapers. 

The motors driving these mills are illustrated in 
fig. 9. The two motors in the foreground of the 
illustration are each of 650 h.p. while the 1,000 h.p. 
motor driving the first of the three mills can be 
seen between the further 650 h.p. motor and a 
rotary converter which supplies the three motors 
with D.C. The reduction gears of the 1,000 h.p. 
motor are provided with two output shafts one of 
which drives the first stand of No. 1 unit, while the 
other drives all the stands of No. 2 unit. Each of the 
reduction gears of the 650 h.p. motors is also fitted 
with two output shafts, one of which drives a stand 
of No. 1 unit and the other a stand of No. 3 unit. 
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rolls of the intermediate mill. This is the first time 
that the material has been man-handled since its 
arrival at the works. 


No. 3 Unit. 

No. 3 unit consists of two continuous type 
stands similar to those of No. 1 unit, but of 
smaller dimensions. The strip automatically 
passes through the five stands of the intermediate 
mill and then through the two stands of No. 3 unit. 
In this way, the strip can be reduced down to 21 
gauge. 


COILING MACHINES. 


Two coiling machines are installed (fig. 4) both 
being of the vertical type. Each coiling machine is 











Fig. 10.—Another view in the power house, showing the main 
control board and the finishing mill motors. 


The driving shafts of these mills extend from the 
motors across the mill under the floor. 


No. 2 Unit. 

The intermediate mill is provided with three- 
high double helical pinions which drive a train of 
five stands each comprising three-high rolls, 13 ins. 
in diameter. The stands are provided with automatic 
repeaters, interchangeable roll frames, bottom roll 
adjustments and a quick roll-changing device. It is 
noteworthy that the roll frames of the intermediate 
mill can be removed as one unit and replaced by 
another in the course of a few minutes. This feature 
will enable bar rolling to be carried out in the future. 

The strip as it comes from the cogging mill, 
5 ins. or less in width, is handled by a man who 
shears the end before placing it in the first pair of 


driven by a 25 h.p. 440 volt D.C. motor running 
at 400 800 r.p.m. As the strip leaves the last stand 
of the finishing machines it is inspected for width 
and gauge and automatic means are provided for 
informing the roller immediately of any discrepancy 
that may occur. The strip is then guided through 
a series of vertical rollers which “kill’’ the natural 
kinking of the strip as it passes over the floor. After 
coiling, the strip is diverted on to a conveyor which 
deposits it on carriages. It is then weighed, marked, 
bundled and stacked ready for despatch. 

In cases where strip is required in straight 
lengths, it is run straight out from the finishing mill 
on to a cooling table from which it is fed into an 
automatic machine for cutting it into lengths and 
bundling. Arrangements are also made for pickling 
and oiling, if required. 
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ELECTRICAL EQUIPMENT. 


The electrical equipment of the mill is of a 
particularly comprehensive nature, the motors em- 
ployed aggregating over 4,000 h.p. in capacity. 
Electricity is relied upon not only as a source of 
power, however, but also for the control of the 
extremely delicate operations necessary in the auto- 
matic working of the various units. 

Power is taken from the supply mains of Rother- 
ham Corporation at 6,600 volts 3 phase 50 cycles. 
Part of this supply is transformed down to 4oo0 volts 
by a 500 kVA transformer to provide a low tension 
A.C. supply for the various auxiliaries, while part 
is converted into D.C. at 440 volts by a 2,000 kW 
rotary converter. This feeds the three finishing mill 
motors and the edging mill motor. A further 
portion of the high tension incoming supply is taken 
direct to the 1,500 h.p. cogging mill motor. 

Although reference has already been made to 
these motors, it will be of interest to give certain 
further details. 


Cogging Mill Motor. 


The main mill motor is of the standard induction 
type and is rated at 1,500 h.p., 6,300 volts, 3 phase, 
50 cycles and runs at a speed of 590 r.p.m. With it 
are associated a liquid starter and two banks of 
air-cooled resistances of the cast grid type. One of 
these banks functions as a slip resistance to enable 
the flywheel to deliver its energy on peak load, while 
the other acts as a braking resistance and is intended 
for use only when the motor has to be stopped in 
emergency. The design and construction of the 
machine are such that the heavy overloads en- 
countered in rolling mill practice can be handled 
with safety. 


Edging and Finishing Mill Motors. 


The D.C. motors driving the edging and finishing 
mills are rated as follows :— 

125 h.p., 440 volt, 480/960 r.p.m. motor driving 
edging mill. 

1,000 h.p., 440 volt, 360/720 r.p.m. motor driving 
first stand of No. 1 unit, or all 5 stands of No. 
2 unit. 

650 h.p., 440 volt, 280'560 r.p.m. motor driving 
second stand of No. 1 unit, or first stand of No. 
3 unit. 

650 h.p., 440 volt, 280/560 r.p.m. motor driving 
third stand of No. 1 unit, or second stand of No. 
3 unit. 

These motors are of the open type and are shunt 
wound, fitted with light stabilising windings, com- 
pensating and interpole windings. The full rated 
output of each machine is given at any speed over 
its range, while the inherent speed regulation 
between no load and full load does not exceed 3 per 


cent. A rheostat in the shunt field is employed to 
control the range of speed. 

Excitation of the three motors is obtained from 
a separate 60 kW motor generator set, the motor of 











Fig. 11.—-Control platform ‘‘A,’’ from which all operations 
on the cogging mill are controlled. 





Fig. 12.—-Control platform ‘‘B,’’ controlling finishing mill 
motors. 


which runs off the 400 volt A.C. supply. A second 
motor-generator set of 40 kW capacity supplies 
power for the travelling crane and the roll turning 








202 G.E.C. JOURNAL 


lathes, while a third motor generator set of 30 kW 
capacity supplies A.C. at variable frequency for 
the variable speed motors driving the top rolls of 
the finishing mills. 

The three D.C. finishing mill motors, the three 
motor-generator sets, the rotary converter, the 


MAIN RESISTANCE 
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a flat back switchboard, measuring 51 ft. in length, 
is installed in the power house and with it are 
associated the control platforms previously mentioned. 
It will be remembered that the cogging and edging 
mills are controlled from a platform immediately 
behind the cogging mill. This platform is known 
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Fig. 13.—-Circuit diagram, showing control of the 1,000 h.p. finishing mill motor. 
Similar control is applied to the 650 h.p. motors. 


transformers and the main control board are 
situated in the power house, views of which are given 
in figs. g and Io. 


MOTOR CONTROL EQUIPMENT. 


For the control of the various rolling mill motors 


as control platform “A” (fig. 11) while the control 
platform associated with the finishing mill motors is 
known as control platform “B” (fig. 12). The 
control desks on these platforms carry lever-operated 
master controllers, speed indicators, meters, adjusting 
regulators and push buttons so that the operator 
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not only has control of the equipment but is also 
fully informed as to the behaviour of his 
apparatus. 

The desk on platform “‘A’’ controls :—(1) Tilting 
table rollers, (2) Tilting table, (3) Shifting device on 
tilting table, (4) Work table rolls, (5) Work 
table skid, (6) Roller table, No. 2 stand, (7) Edging 
mill motor, (8) Cogging mill motor and (9) Screw- 
down gear. 

Platform “B”’ controls :—(1) Finishing mill roller 
table, (2) Loop lifter motors, (3) 1,000 h.p. motor 
and (4) the two 650 h.p. motors. 

The switchgear through which the control 
equipment on platforms ‘‘A”’ and “B”’ excercise their 
functions is mounted on the main control board in 
the power house. The first three panels of this 











Fig. 14.—Electric furnace equipment for the bright 
annealing of steel strip. 


board (i.e. those at the far end in fig. 10) control the 
rotary converter, while the two adjacent panels carry 
starting gear for the 1,000 h.p. D.C. motor controlled 
from platform ““B’”’. This gear comprises a ten-step 
contactor starter, each contactor paralleling re- 
sistance steps. The first three steps are directly 
under the control of the master controller and are 
designed to give one-third, two-thirds and full load 
torque at standstill. The succeeding seven steps are 
also actuated from the controller but in addition 
have current limiting devices. The final step is 
furnished by an electrically operated line contact 
circuit breaker closing under hand and timing control. 
A diagram of connections for the 1,000 h.p. motor 
is given in fig. 13. 

The starter is fully protected by a counter-e.m.f. 





relay (which prevents re-starting with a high armature 
voltage) field failure and full field relays, and double 
pole overload relays. The field of the motor itself 
is also protected by a rectifier in place of the usual 
discharge resistance, an arrangement which has 
effected a considerable saving in space and power 
loss. 

The main resistances are mounted above the 
switchboard, while a recording wattmeter, indicating 
ammeter and pilot lamp completes the equipment. 
Two similar sets of starting gear occupy the next 
four panels of the switchboard and control the two 
650 h.p. D.C. motors. 

To the right of the 650 h.p. panels is the starting 
equipment of the edging mill motor. The lower 
horse power of this motor allows the use of only five 





Fig. 15.—Showing a charge being lowered into the 
furnace. 


starting steps. This machine is also provided with 
a fine speed adjusting series diverter at the control 
desk. 

The next two panels carry switchgear for the 
top roll drives of the finishing mills. These drives 
are carried out by means of squirrel cage motors 
deriving their power from a variable frequency 
alternator driven by a D.C. motor. The control 
panels of the motor are therefore equipped with a 
starter, speed and voltage regulators, frequency meter, 
voltmeter and alternator circuit breaker. 

On the panel controlling the excitation motor 
generator set an automatic auto-transformer starter 
is mounted and is actuated from push buttons on the 
panel. The excitation supply is controlled by a 
panel of the standard type. Field protective 
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contactors are arranged to cut out all D.C. machines 
in the event of excitation failure. 

The 25 h.p. coiling machine motors are each 
controlled by four push buttons mounted close to 
the coiling machines, the control equipment being 
mounted on a panel of the main board. This 
equipment consists of a four-step lock-out starter 
for each motor, actuated by two of the push buttons 
marked “Start’’ and “‘Stop,’’ while a motor operated 
field regulator is controlled by the remaining two 
buttons marked “‘Fast’’ and “Slow.” 

The five panels at the end of the main switch- 
board, control incoming and outgoing low tension 
A.C. supplies and the 40 kW motor generator set. 

In addition to the equipment described above, 
each control platform is provided with an auxiliary 
panel comprising sheet steel cubicles containing 
reversing direct-to-line starters, fuses and isolating 
switches. This equipment is for the operation of 
auxiliaries such as the live roll motors, tilting table 
motor, skid motors, loop lifters, top rolls, etc. In 
the case of the reversing direct-to-line starters on 
platform “‘A” it should be mentioned that they are 
of special design and are capable of performing the 
exceptionally heavy duty involved in operating 600 
times an hour. 


BRIGHT ANNEALING FURNACE. 


For the purpose of producing bright annealed 
cold rolled steel strip an electric furnace plant (figs. 
14 and 15) is installed in another part of the factory 
and is of particular interest in that it was the first 
installation of its kind in Great Britain for the 
bright annealing of steel. Since its installation, 
many other similar equipments have been supplied 
to steelworks for this class of work. It comprises 
a G.E.C. vertical cylindrical “‘ Grunewald’’ electric 
furnace with automatic temperature control gear 
and eight ““Grunewald”’ bright annealing pots. 

The furnace has an electrical rating of 88 kW and 
has several interesting features which are peculiar 
to the ““Grunewald”’ process. While it is not proposed 
to describe this process in detail as it has already been 
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dealt with elsewhere*, it should be pointed out that 
the most important of its features arises from the fact 
that no artificial gas atmosphere is required. Further, 
the charge is suspended from the underside of the 
pot cover and is not supported by the pot envelope 
which is consequently made of thin heat-resisting 
alloy. 

Each pot is sealed by a rubber ring which is 
cooled from the outside by a trickle of water. 

The automatic temperature control gear enables 
the furnace automatically to maintain any desired 
temperature within narrow limits. The whole of 
this equipment is carried on a polished panel, and 
comprises a Cambridge direct deflectional type 
controller working from a thermo-couple situated 
on the furnace, together with pilot lamps and switch 
and fuses for the control circuit. 

Incorporated in the controller is the necessary 
mechanism for tilting a small mercury switch which 
makes and breaks the contactor coil circuit, a red 
pointer being provided for setting purposes. A time 
switch is included which switches the furnace on or 
off automatically at any pre-determined time. An 
additional Cambridge indicating pyrometer is 
provided on the control panel; this works from a 
thermo-couple situated in the middle of the charge 
in the pot, thus indicating the temperature of the 
charge. 

The switchgear consists of a pedestal mounting 
oil switch and an air break contactor, the latter being 
mounted in the steel cubicle previously mentioned. 
The contactor, in this particular instance, cuts in and 
out a portion of the load just before the set tempera- 
ture is reached—thus avoiding any overshooting of 
the set temperature. 

The determining factor in the installation of 
this furnace was the quality of the work produced, 
and in this respect it has fully justified itself. 
Moreover, it has proved an economic proposition, 
considered on a combined time and fuel basis. The 
pot takes a charge of approximately 30 cwts., the 
time of treatment being 6 hours as against the 24 


hours required with the standard method. 
: , ~ * See G.E.C. Journal. Vol. III., No. 2, p. 87. 























205 


The Design of Precision Commercial 


Photoelectric Photometers. 


By G. T. WINCH, A.M.I.E.E., and C. F. MACHIN, 
Research Laboratories of The General Electric Co., Ltd., Wembley, England. 


1. EARLY PHOTOMETERS. 


HE preliminary stages in 
the development of photo- 
electric photometers at the 
G.E.C. Research Laboratories 
have already been fully described, 
as well as their subsequent appli- 
cation to commercial routine 
photometry’. 
Design. 

The first types used were inte- 
erating photometers employing an 
emission, or Elster Geitel photocell 
in conjunction with a D.C. valve 
bridge amplifier. In this arrange- 
ment, with the photocell dark, 
the balancing of the amplifier 
bridge is indicated by the null 
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In the G.E.C. Journal, Vol. 
III, No. 3, August 1932 there 
was described an early type 
of photometer in which photocells 
were applied to the measurement 
of lamps under commercial con- 
ditions. Since then there have 
been considerable advances, and 
in this article the authors give an 
account of some of the recent 
developments in the design of 
photoelectric photometers. 

Photometers have been con- 
structed capable of precision 
measurement at commercial 
speeds of tungsten filament lamps 
from to to 60,000 lumens (i.e., 
lamps rated at 2 to 3,000 watts) ; 
also photometers for the measure- 
ment of the recently developed 
discharge lamps. 


unfiltered light, and therefore the 
“colour sensitivity’’ of the cell 
and filter arrangement. 
Calibration. 

Photometers of this type are 
calibrated by reference to standard 
lamps which cover the range of 
lumens and colour temperature of 
the lamps which the photometer 
is designed to handle. The 
position of the colour filter is 
adjusted by trial and error until 
a position is found in which the 
potentiometer readings are pro- 
portional to the lumens of the 
standard lamps. This ensures 
that inaccuracies will not arise due 
to the different lamp operating 











reading of a galvanometer. Light 
falling on the photocell throws the 
bridge out of balance, but by applying additional 
grid bias from a calibrated potentiometer, balance 
can be restored. The voltage applied by the 
potentiometer is then proportional to the photo- 
electric current and therefore to the light. In these 
photometers the lamps are operated inside spherical 
photometric integrators. Light reaches the photocell, 
which is housed in a subsidiary integrator, via an 


OOS eee ESE SESH EEE EEE EEE TEETER eee HEHEHE HEHEHE HOES 


temperatures, and frequent re- 
adjustment is not necessary. 

The photometer is calibrated to read directly in 
lumens by setting the potentiometer at the 
standardised lumen value (or a convenient multiple) 
of each of the standard lamps in turn, and adjusting 
the micrometer shutter until the galvanometer is 
balanced. Differences between shutter settings 
should not exceed an amount equivalent to 1 per ° 
cent in lumens. By setting the shutter to the mean 














Fig. 1.—Experimental valve photocell unit. 


aperture in the main integrator, screened from the 
direct light from the lamp. A suitable filter over 
this aperture enables adjustment to be made for the 
departure of the spectral response of the photocell 
from that of the “average eye.’’ A micrometer 
shutter, adjustable over the aperture in a direction 
at right angles to that of the filter adjustment, enables 
the overall sensitivity of the photometer to be 
altered without disturbing the ratio of filtered to 


of these values a reliable direct reading calibration 
is obtained over the range of lumen values covered 
by the standard lamps. 
Operation. 
Having calibrated the photometer, the following 
procedure is adopted for measuring the lamps. 
First, with the photocell dark and the potentio- 
meter set to zero the D.C. amplifier bridge is 
balanced by means of the adjustable resistance in the 
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anode circuit. Actually a zero checking key is 
provided which performs the equivalent operation of 
setting the potentiometer to zero without the 
necessity of moving the dials. The lamp to be 
measured is then switched on, the voltage across its 
terminals adjusted to the required value, and the 
potentiomcter adjusted until the galvanometer is 
balanced. The potentiometer then indicates directly 
the lumens of the lamp. 
Accuracy and reliability. 

Statistical analysis’ of the results of check 
measurements made in the Standardising Laboratory 
of the G.E.C. Research Laboratories on lamps taken 





Fig. 2.—Valve photocell unit in its present form. 





daily at random, during the 
years 1927 to 1930, from 
Na ITA , batches of lamps measured 
Ll in the ordinary course of 
<3 ey commercial routine on 
visual and _ photoelectric 
VALUE. “ photometers, showed clearly 
— that the accuracy obtained 
at commercial speeds, using 
\ photoelectric photometers 
of this type, is greatly 
superior to that possible 
by visual methods. 
However, although im- 
proved accuracy was shown 
to have resulted from the 
introduction of the new 
type of photometers, the 
; cee design of the apparatus used 
Fig. 3. Circuit diagramot up to 1933, involved the 
unit. use of amplifiers employing 
carefully selected valves 
operating at anode voltages up to 160 volts. In 
order to obtain the stability necessary for accurate 
and continuous working, H.T. accumulators, which 
required recharging weekly, were used in preference 
to dry batteries. The L.T. accumulators required 
similar weekly charging, and this, together with 
insulation troubles which arose due to. surface 
leakage, particularly in the grid circuit, called for 
a considerable amount of maintenance. It is not 
surprising, therefore, that from time to time these 
early photometers developed faults which required 
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the attention of staff of the type normally only 
available in a laboratory. 

This difficulty tended to retard the general 
adoption of these photometers in place of visual 
photometers for lamp rating purposes in the factory. 


2. IMPROVEMENTS IN AMPLIFIERS. 


Experiments demonstrated that an improvement 
could be effected by the use of the type of valve 
known as the electrometer triode’. These valves 
have very high grid insulation and require an anode 
voltage of only about 10 volts. This combination of 
extreme stability and low anode voltage promised a 
means of overcoming the difficulties due to 
amplifier instability and of reducing the 
maintenance costs. 

Owing to the low mutual conductance 
of the electrometer triode it became necessary 
to use grid leak resistances of higher values, 
in order to obtain the degree of amplification 
which had been possible when using the 
receiver class of valves. 

The first attempts to use the electrometer 
triode in a photoelectric photometer were not 
very successful, due to variations in the 
insulation of the grid circuit and also instability 
arising from external high frequency electrical dis- 
turbances. The latter trouble appeared to be due to 
the inadequate screening of the amplifier. 

Valve Photocell Unit. 

In an attempt to overcome the difficulties referred 
to in the previous section, a new form of amplifier 
was evolved, in which the photocell was mounted 
directly on the top of an Osram electrometer triode, 
and these components, together with the grid leak, 
were enclosed in an evacuated bulb. In this manner 
the grid lead was kept extremely short, and surface 
leakage troubles were overcome by virtue of the grid 
circuit operating in vacuo. An early experimental 
construction of valve photocell unit incorporating 
these features is shown in fig. 1.* 

The tubular bulb containing the photocell, grid 
resistance and valve was sealed, with vacuum wax, 
into an annular groove in an ebonite base, through 
which passed the electrical connections. Tests 
showed that with this arrangement, grid insulation 
could be maintained constant, with grid leak 
resistances up to 10'' ohms. A “‘unit’’ was subse- 
quently developed* which was similar in principle to 
the experimental model, but of more robust con- 
struction. This construction, together with the 
circuit arrangements inside the bulb, are illustrated 
in figs. 2 and 3 respectively. The components are 
mounted on a glass pinch, sealed into the bulb as in 
lamp and valve construction, and the connections are 
brought out through a 5-pin valve base. The results 





* The second example of this early type of amplifier, built by the Research 
Laboratories, was installed in the Osram G.E.C. Lamp Works for high wattage 
lamps in 1930, and is still in regular use. 
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of tests on this unit indicated that its incorporation 
in photoelectric photometers would result in improved 
performance, with the added advantages of compact- 
ness and a considerable reduction in the number and 
size of batteries required. This economy in batteries 
automatically eliminates the worst of the main- 
tenance problems, and, because of the greater 
compactness, efficient screening of the component 
parts can be more simply achieved. 

It has since been found that these valve 
photocell units have a wide field of application. 
Grid leak resistances up to 10'' ohms have been 
used without impairing the stability of the 
amplifier. In precision photometry KMV6 
photocells (vacuum) having a sensitivity of I to 
2 micro amps. per lumen are used, since their 
response is both linear and stable. Using a 
high sensitivity galvanometer with an amplifier 
of this type, fitted with a 1o'' ohm grid 
leak resistance, it is possible to measure 
5x10‘ lumens to a precision of from 1 to 
2 per cent. 

Another form of valve photocell unit has 
been developed, which has been found useful 
in cases where it is required to make differential 
measurements, such as the comparison of the 
intensity of two beams of light, etc. It is 
shown in fig. 4, while the familiar circuit in 
which such a unit can be used is shown in fig. 5. 
This circuit was used in earlier photoelectric photo- 
meters designed for measuring colour temperature’. 


3. DIRECT READING “‘LUMEN-PER-WATT” PHOTO- 
METER. 


The satisfactory results obtained with this valve 
photocell unit stimulated interest in the lumen-per- 
watt type of photometer, the preliminary devolop- 
ment of which was begun in 1930". This type of 
instrument was then only in the experimental stage, 
and had not been used in the factory because of the 
instability associated with amplifiers utilizing receiv- 
ing valves. 

The principle of operation of this type of 
photometer has already been described,’ but for the 
sake of completeness is briefly outlined below. 

In this photometer, advantage is taken of the fact 
that where lamps are manufactured under closely 
controlled conditions, the variation in lumen and 
more particularly watt rating of individual lamps of 
the same nominal rating is comparatively small. 
Nevertheless, it is desirable to determine the 
magnitude of the spread in efficiency at rated volts 
for sample lamps, so that the necessary control of 
the manufacturing processes can be maintained. 

For small changes in lumens and watts from the 
same nominal value, an approximation to the lumens 
per watt can be obtained by a subtractive method. 
For example, the lumens per watt of a badly rated 





Fig. 4. 
porating two photocells. 


lamp having 121 per cent nominal lumens and 104 
per cent nominal watts will have an efficiency of 


I.2I 


—- 1.163 or 116.3 per cent lumens per watt, 


i.e., 16.3 per cent above the nominal lumens per watt. 
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above nominal lumens per watt. The error in this 
particular approximation amounts only to 0.7 per 
cent in lumens per watt. As the maximum deviations 
from normal can be kept considerably less than that 
quoted in the example, it will be appreciated that for 
measurements of this type the errors due to this 
approximation can be neglected. 
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In fig. 6 is shown the original circuit used in 
order to obtain a deflection proportional to the 
difference between a voltage component proportional 
to the lumens of the lamp, and another component 
proportional to the watts of the lamp. 


DOOR SWITCH 
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operation in the Osram-G.E.C. Lamp Works for the 
past three years. The details of the circuit used in 
these photometers are shown in fig. 7, whilst an 
illustration of one of the complete lumen per watt 
photometers having a 2 ft. integrating cube, and 
suitable for measuring general 
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lighting service lamps from 15 to 
I0O watts, 100 to 130 and 200 to 
260 volt ranges, is shown in fig. 8. 
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In order to utilise this circuit for the measurement 
of lamps of all ratings, it is necessary to elaborate it 
to the extent of adding selector switches. This 
enables suitable values of resistance to be included 











Fig. 8._-Lumen-per-watt photometer with 
2 ft. cubical integrator. 


in the test lamp circuit so that, irrespective of type 
size, the same potential will be injected into the 
amplifier circuit for all lamps having exactly rated 
lumens and rated watts. 

Photometers utilizing this circuit arrangement in 
conjunction with amplifiers equipped with valve 
photocell units have been in continuous daily 
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Circuit diagram of the latest lumen-per-watt photometer. 


Following the development and 
construction of the lumen per watt 
photometers in 1933, the valve 
photocell unit was incorporated in 
the design of two new photoelectric 
photometers for use respectively, in 
the Osram-G.E.C. Lamp Works, 
and the G.E.C. Research Labora- 
tories. 

It has already been emphasized 
that the accuracy of the earlier 
photometers was limited by the instability of the 
amplifiers. In addition the use of voltmeters for 
indicating the voltage across the lamp terminals also 
imposed a limitation on the accuracy attainable. 

The new photometers, whilst operating on the 
Same principle as the earlier models, were therefore 
equipped with the valve photocell unit and with a 
potentiometer instead of a voltmeter. Considerable 
care was also exercised in arranging the layout of the 
controls in order to facilitate accurate and rapid 
measurement. Fig. 9 is a photograph of one of 
these photometers suitable for measuring tungsten 
filament lamps from 10 to 2,000 lumens, but 
primarily intended for the measurement of general 
lighting service lamps of 15 to 150 watt rating. 
The integrator is a sphere 2 ft. 6 in. in diameter, 
mounted on a control table consisting of a welded 
angle iron framework, fitted with aluminium 
panelling. This table contains separate compart- 
ments for amplifier, galvanometers, batteries, test 
lamp resistances and controlling instruments, thus 
ensuring adequate screening of the components, 
together with accessibility. The top of the table is 
covered with black polished bakelite, below which 
the potentiometers, ammeter and controls are 
mounted. This enables most of the controls to be 
mounted flush with the table. It will be noted that 
the galvanometer associated with the test lamp 
circuit potentiometer, is so arranged that the spot of 
the galvanometer is immediately in front of it and 
facing the operator, whilst that of the amplifier 
circuit is arranged in front of the “‘lumen’’ potentio- 
meter. 

There is also a similar design adapted for motor car 
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and miniature lamps of the low voltage high current 
types, using an 18 in. integrator. 

Diagrams of the test lamp and amplifier circuit 
are given in figs. 10 (a) and 10 (b). 

As in the earlier photometers already 
referred to, correction is made by means 
of a colour filter, adjustable over a portion 
of the aperture between the main and 
subsidiary integrator, to compensate for the 
departure of the spectral response of the 
photocell from that of the internationally 
agreed “‘average eye.”” Using a KMV6 
photocell it has always bzen possible by 
adjustment to obtain a position of the filter 
such that the response of the resulting 
photocell filter combination to light from 
tungsten filament lamps operating at tem- 
peratures from 2,400 to 2,800°K. agrees to 
within } per cent with that which would 
be obtained by an observer with a 
hypothetical “‘average eye.” 


al 


5. PHOTOELECTRIC PHOTOMETER FOR 
MEASURING ELECTRIC DISCHARGE LAMPS 
AND HIGH WATTAGE TUNGSTEN FILA- 
MENT LAMPS. 


The development of electric discharge 
lamps enhanced the difficulties of photo- 
metric measurement” in terms of existing 
standards, due to the differences in colour 
and spectral energy distribution which are 
involved. After complete study of these photometric 
problems attention was turned to the design and 
construction of a photoelectric photometer suitable 
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Fig. 10 (a)..-Test lamp circuit of lumen photometer. 








for measuring the light output of lamps of this 
class at commercial speeds. 

One of the characteristics of discharge lamps is 
that some time elapses from the moment of switching 
on the lamp to the time at which it reaches a state 


of thermal equilibrium, and the luminous output 
becomes normal. 


Fig. 9. 
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This starting time will vary with different makes 
and types of lamp, but is usually of the order of 5 
to 10 minutes. It is clear, therefore, that if it is 


required to measure such lamps at commercial 





‘Lumen photometer, with 2 ft. 6 ins. integrating sphere. 


speeds, apart from other considerations, it will be 
desirable to provide several idle circuits and some 
multi-loading gear, so that lamps can be allowed to 
reach their normal operating temperature before 
being inserted into the photometric integrator for 
measurement. 


Fig. 11 shows a photometer which was completed 
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in December, 1934. A 5 ft. integrating sphere is 
utilised in this case in order to accommodate the 
range of lamps for which it was designed, namely 
electric discharge lamps from 250W. upwards, and 
tungsten filament general lighting service lamps 
from 200 to 1,500 watts, also special tungsten 
filament lamps up to 3,000 watts, such as 50 volt 
50 amp. projectors and floodlighting lamps. 
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The four lamp positions shown on the right hand 
side of the illustration are so arranged that by means 
of the converging overhead track the lamps can be 
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circuits to the lamp holders can, by means of an 
interlocked rotary switch on the control table, be 
changed in turn, from the idle circuit, on which they 





run in turn into the centre of the sphere. These 


are allowed to warm up, to the test lamp circuit 
which is adjustable from the control 
table. The electrical measurements 
on these lamps are made by means 
of the dynamometer’ voltmeter, 
ammeter and wattmeter recessed in 
the centre of the horizontal portion 
of the control table. The circuit 
arrangements will best be understood 
by reference to the circuit diagram 
shown in fig. 12. 

As this photometer was intended 
to be suitable for measuring tungsten 
filament lamps as well as electric 
discharge lamps, one of the lamp 
positions is arranged so that it can 
readily be changed to a D.C. circuit* 
with suitable controls. The details 
of this switching arrangement can 
be seen from the circuit diagram. 
A potentiometer, located on the left 
hand side of the sloping panel, is 
used for the measurement of the 
voltage on the test lamp. The centre 
potentiometer, which is calibrated 
directly in lumens, supplies to the D.C. amplifier 
circuit the grid bias necessary to restore balance, as 





Fig. 11.—-A 5 ft. integrating sphere lumen photometer for measuring 
tungsten filament and gas discharge lamps. 


lamp positions, when used for electric discharge 
lamps, are supplied from 240 volt A.C. mains, via 
suitable chokes arranged beneath the contactors and 
shown in the illustration on the right hand wall. 
By an appropriate arrangement of contactors, the 








? This « can be supplied either ‘by a batte ry ora suiti ible motor-generator set. 
The use of a motor generator has been found in industrial practice to be best 
for lamps of high wattage, and is also better than a battery for lamps of lower 
wattages unless a separate battery is available for each photometer. See G.E.C. 
Journal, Vol. III., No. 3, August, 1932. 
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Fig. 12.—-Circuit diagram of test lamp and idling circuits of 5 ft. sphere lumen photometer. 
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indicated by the galvanometer. In these respects the 
circuit arrangements are the same as in the 2 ft. 6 ins. 
integrating photometer, the diagram of which is in 
fig. 10 (b). A third potentiometer on the right hand 
side of this panel displaces the usual ammeter, and 
enables the current of the test lamp to be measured 
while the voltage is held constant by means of the 
“voltage’’ potentiometer. The three keys of the 
respective galvanometer circuits are grouped together 
on the left hand side of the table, so that they can 
be conveniently controlled by the fingers of one 
hand. As all three galvanometers can be observed 
simultaneously, uncertainties are avoided as to the 
correctness of the voltage at the time the lumens 
and current indications are noted. 

In this photometer, as in the one with the 2 ft. 
6 ins. integrator, the arrangement of the valve 
photocell unit in a D.C. amplifier has been adopted, 
as well as the micrometer shutter for controlling the 
light entering the subsidiary integrator, and the 
filter slide to enable the portion of the filter covering 
the aperture to be adjusted in order to control the 
spectral sensitivity of the apparatus. 

It was anticipated that the adjustable filter 
arrangement used in the earlier photometers, which 
had proved satisfactory for all tungsten filament 
lamps, would not be satisfactory for use when 
measuring electric discharge lamps. A new three 
colour filter was therefore developed, which 1s 
housed in a similar slide but fitted with an additional 
shutter. The effective areas of each of the three 
filters can thus be adjusted. Using this three colour 
filter arrangement a much better approximation to 
the “‘average eye’’ sensitivity is obtained than had 
previously been possible. 

By adjustment with respect to standard tungsten 
filament lamps operating at different temperatures 
and also electric discharge lamps of different types, 
it has been found possible to correct the photocell 
sensitivity so that the errors introduced when 
measuring tungsten filament lamps operating at 
temperatures from 2,400 to 3,000°K. are negligible. 
On the same calibration the error in the case of 
H.P. mercury electric discharge lamps is of the 
order of 5 per cent. As the percentage errors in the 
latter case are comparatively small, and constant for 
the respective types of discharge lamp, suitable 
adjustments can readily be made by means of the 
micrometer shutter, so that the lumen scales in all 
cases can be made direct reading. 


6. OTHER APPLICATIONS OF THE VALVE PHOTO- 
CELL UNIT. 


As has already been shown the valve photocell 
unit has proved very useful where it has been 
required to make precise measurements of light 
intensity. More especially is this the case where 
only small amounts of luminous flux are available, 


and in consequence a high degree of stable 
amplification is required. 

A universal photometer, first shown at the 
Physical Society Exhibition in January, 1934, in 
conjunction with an apparatus for measuring the 
linearity of response of photocells, was built for use 
in connection with the many experimental problems 
requiring apparatus of this type. 

A photograph of this universal type of photo- 
meter is shown in fig. 13. 

The arrangement of the component parts can be 
seen from a photograph taken with the cover 
removed (fig. 14). The circuit of this amplifier is 
similar to that of the photometers described in the 
foregoing sections and shown in fig. 10 (b). 








Fig. 13.—Control panel of universal photometer. 


This photometer has been used at the G.E.C. 
Research Laboratories in conjunction with a mono- 
chromatic illuminator for measuring to high precision 
the spectral transmission of colour filters. It has 
proved possible for example to take a set of equal 
energy transmission measurements at 20 wavelength 
intervals throughout the visible spectrum, to an 
accuracy of 0.5 per cent in about } hour. This has 
been particularly useful in connection with problems 
of heterochromatic photometry® where it is required, 
by means of filters of known spectral transmission, 
to reduce to a minimum the colour difference 
between the various types of electric discharge lamps 
and the tungsten filament lamps in which the present 
unit of white light is held. With a high sensitivity 
valve photocell unit in this apparatus relative 
total radiation measurements have been made in 
experimental determinations, by direct comparison 
of the relative luminosity of light sources differing 
very appreciably in spectral energy distribution. 
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Fig. 14.—Universal photometer— internal 
arrangements. 
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This photometer was also used in an extended 


investigation into the time of nigrescence and 
incandescence of tungsten filament lamps’ of various 
types, and for the measurement of directional candle 
power and candle power distribution, particularly of 
low power sources. 


(2) 
(3) 
(4) 
(5S) 
(6) 
(7) 
(8) 
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Electrical Equipment for the Kulangsu Chunghua 


Electric Co. 
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Distribution is made by a 
2,300 volt overhead system, 
over 30 pole-mounted trans- 
formers of 5 to 25 kVA having 
been installed to step down 
the supply voltage to 
220 volts. In addition, a 
total of 1,500 meters have 
been supplied for metering 
the supply to consumers’ 
premises. 


Exterior and interior views of the new power 
station of the Kulangsu Chunghua Electric Co., of 
Amoy, China. This station replaces the old power 
house which was burnt out in October, 1933. 
The generating plant installed comprises four 
oil-engine-driven alternators totalling 600 kW 
in capacity, generating at 2,300 volts, 3 phase, 
50 cycles. A cubicle steelplate switchboard 
controls the outgoing feeders. 
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Turbo-Blowers and Turbo-Compressors. 


PART II. 


By B. POCHOBRADSKY M.I1.Mech.E. 


Chief Engineer, Fraser & Chalmers Engineering Works, Erith. 


MULTISTAGE COMPRESSOR. 


N a compressor consisting of a number of stages 

working in series, each of the stages has obviously 

a certain characteristic relation between the 
manometric coefficient » and the volumetric co- 
efficient 5; in the first stage the gas volume at its 
inlet is quite unaffected by subsequent work in 
the compressor; the performance of the next 
stage depends, however, not only on the gas volume 
at the inlet of the first stage, but also on the 
variation of the specific volume effected by com- } 
pression in the first stage, which again depends 
on the » - 6 characteristic of the first stage, the 
peripheral speed of the first stage and the stage 





losses. Similarly, any later stage will depend 


stage machine in function of 6 of the first stage. 
Keeping the speed constant and increasing the inlet 
volume so that 5 of the first stage reaches the value 
5,, it will be seen that » for 4, is smaller, as 
a result of which there will be smaller adiabatic 
compression in the first stage, though K, (see 


CONSTANT SPEED 
m OF A MULTI-STAGE MACHINE 
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not only on the gas volume at the inlet to the 
first stage, but also on the variation of the specific 
volume of the gas caused by the compression in the 
preceding stages. The examination of the »-3é 
characteristic of a multistage compressor is therefore 
somewhat complicated, yet it is important, as the 
».—6 characteristic of one stage does not represent the 
y.—6 characteristic of a multistage machine. 

In order to simplify the considerations, a certain 
normal speed for our machine will be assumed and 
a certain normal inlet gas volume for which the 
machine was designed; it will further be assumed 
that at this normal speed and normal gas volume p 
is the same for all stages and also that the p»-5 
characteristic is the same for all the stages when, of 
course, 5 of the various stages refers to the gas 
volume at each particular stage. Let the manometric 
coefficient » for the normal gas volume and normal 
speed be Ly, 


For one stage it was given in formula (17) : 


AAA 
Ly = —______—___—. 
Au. = 
§ 
For a multistage machine, 
Y (AH 
a9) 6, = 
A —* (u,") 
g 


In fig. 10 is traced » of one stage and p,, of a multi- 


$. $n $,— d ror Ist STAGE f 
Fig. 10. 


fig. 7) is greater. In other words, the specific 
volume at the inlet of the second stage will be greater 
with the increased inlet gas quantity. This means 
that 6 of the second stage is greater than 6, of the 
first stage: hence p, of the second stage will be 
smaller than »,, and for similar reasons », for the 
third stage will be smaller than ,»,., etc. Thus a 
gradual reduction of » occurs in the successive 
stages. Similarly, if the gas volume is reduced at the 
inlet of the machine so that 6 of the first stage reaches 
the value 54., it will be seen that »,’ is greater than 
uw, 3 there is greater adiabatic compression, while 
K, (see fig. 7) is smaller. The specific volume at the 
inlet of the second stage will be smaller; hence 4 of 
the second stage will be smaller than 6, and therefore 
vs’ Of the second stage greater than p,’. 

The sum of adiabatic heat increases for the 


increased gas quantity in the multistage machine will 
be 


> AH. = 52 (nat) =F mz 
= di- = i 2 oar wi’ 2 
: g 1 g 


and for reduced gas quantity 


H A = ( 2 ) A N 2 
YA can semis ae 2 ie siti Y an 2 
~ a2 = ~| Uy, P-m2 — Ug 

. g 2 g 

where p,,, and p,. are manometric coefficients for 


the whole multistage machine with gas quantities 
respectively greater or smaller than the normal 
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quantity. As » for greater gas quantity gradually 
decreases in the successive stages 


bn) < fy 


and as » for smaller gas quantity gradually increases 
in successive stages 


, 
Pm2 > fy 


In other words, the »,, for the multistage machine 
at a given speed 1s steeper than , for a single stage 


INCREASED SPEED 
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§ FOR 1st STAGE 


Fig. 11. 


(see fig. 10) and the steepness will 
grow with increase in the number of 
stages. 

It is important to consider the 
effect of speed on the »-—5 charac- 
teristic of a multistage machine. The 
Same assumptions are made as in the 
foregoing discussion, but the speed is 
increased from n to n, and the inlet 


aa" . ny 
gas quantity in the ratio—— so that 
n 


for the first stage the »—- 6 charac- 
teristic is identical to the full line in 
fig. Io. 

By increasing the speed greater 
compression and smaller specific 
volume are obtained at the inlet of . 
the second stage; hence 6 of the 
second stage will be smaller, and 
» higher. Similarly there will be a gradual increase 
of » in the successive stages due to increased speed. 
With still larger inlet gas quantity, the gradual 
increase of m in successive stages on account of 
increased speed will be more pronounced because 
in the region of larger inlet volumes » increases 
more rapidly with the reduced specific volumes 
in the successive stages. 

With reduced speed the specific volume in the 
successive stages is increased: hence 4 is increased 
and » reduced. Fig. 11 illustrates the effect of the 
variation in speed on the »-—5 characteristic of a 
multistage machine. 

It will be seen from the foregoing observations 
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that the »—6 characteristic (where 6 refers to the first 
stage) of a multistage machine depends not only on 
the stage »—6 characteristic but also on the number 
of stages and on the speed. 

It has already been shown that in an uncooled 
machine, the losses in each stage appear as heat in 
the gas (see also fig. 5); hence the sum of the 
adiabatic heat increases of the total heat in 1 lb. of 
gas for all stages is greater than the adiabatic heat 
increase between the pressure and temperature at the 
inlet of the first stage and the pressure at the outlet 
of the last stage. 

In a cooled machine the sum of the adiabatic heat 
increases for all stages is reduced compared with an 
uncooled machine and may, for medium and higher 
pressures and with good cooling, become less than 
the adiabatic heat increase between the initial 
pressure and temperature and the final pressure. If 
therefore » of a multistage machine is referred to the 
adiabatic heat increase from the pressure and 
temperature at the inlet of the first stage to the 
pressure at the outlet of the last stage, this factor has 
to be taken in consideration. As an example pu 





10000 20000 30000 40000 
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Fig. 12. 


calculated in this way for an uncooled machine will 
be smaller than » referred to the sum of actual 
adiabatic heat increases in all stages. 

It may be mentioned that » as discussed above 
does not include the losses in the intake and delivery 
of machine. 

Having discussed the characteristic of a multistage 
machine, two examples may now be given in which 
the characteristic is shown in a form suitable for 
immediate practical purposes, namely pressure as a 
function of intake volume. 

Fig. 12 shows pressure as a function of the gas 
volume at the inlet of a Fraser & Chalmers uncooled 
turbo-blower at different speeds and fig. 13 is a 
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pressure-volume diagram of a Fraser & Chalmers 
cooled turbo compressor. 


MOISTURE IN THE GAS. 


The gas may be a mixture of several gases; if 
one of these gases is water vapour we speak of the 
mixture as a “‘wet gas.”’ 

Assuming a volume of 1 cu. ft. filled with a gas 
at an absolute pressure p, |b./sq. in. and a temperature 
t °F. (abs. temperature T = 459.58 + t) and 
another gas filling also a volume of 1 cu. ft. at an 


components of the mixture the partial pressure of the 
water vapour cannot exceed the saturation pressure 
p, corresponding to the temperature t of the mixture ; 
it follows that the maximum possible weight of water 
vapour contained in 1 cu. ft. of gas (the gas is then 
saturated) is equal to the specific weight of water 
vapour y, at the temperature t. For saturated gas we 
can write : 


Pn = P, 7 P; 


Vm _ Ye + Ys 
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absolute pressure p, and the same temperature t, then 
p=1Rk,T 
Pp, = 72k, T 


where y is the specific weight in lbs./cu. ft. and R 
the gas constant. 

If these two gas weights y, and y. be mixed in 
a total volume of 1 cu. ft. at the same temperature t, 
the weight of the mixture 





a on Y2 
and the gas constant of the mixture 
R, Y1 + R, Y2 
,. 
V1 + Yo 


For the mixture, 


Pm _ a R,, T = ( - 12) 


= P, + Pr 

which expresses Dalton’s law; p, and p, are the 

partial pressures of the two gases constituting the 
mixture. 

In the case of water vapour being one of the 


when p,, = abs. pressure of the saturated gas. 
Pp. = partial abs. pressure of the dry gas. 
p, = Saturation pressure of water vapour at 
temperature tf. 
Y + Ve Ys = Specific weight of saturated gas, dry 
gas and water vapour respectively. 
p, can now be calculated for any pressure p,, and 
temperature t of the saturated gas with the aid of 
steam tables, where we find p, and y, for the 
temperature ¢: 


Pp g _ Pp mm P; 
p, and t determine y,; then 
Ym — Yg + Ys 
As y,, lbs. of saturated gas contains y, of water vapour, 


Vs 





then 1 lb. of saturated gas contains — lbs. of water 


~ 
Ym 


vapour (moisture). 


The diagram fig. 14 showing the moisture con- 
tent of saturated air for different temperatures and 
absolute pressures was established in this manner. 
With the aid of this diagram a casing cooled com- 
pressor can be compared with a compressor provided 
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with intercooling. In fig. 15 is plotted curve “A” 
showing the air temperature at different pressure 
points in a casing cooled compressor. The zig-zag 
line “‘B’’ shows the air temperature in a compressor 
with intercoolers (the temperature falls corresponding 
to the points at inter-coolers). Curve “‘C’’ indicates 
the temperature at which the air remains saturated 
right through the compressor if it were saturated at 
the compressor inlet. 

At temperatures below the curve “C’”’ the moisture 
would be partially condensed, above it the air is 
not saturated, and is capable of taking up more 
moisture (to evaporate entrained water). It is seen 
that in a casing cooled compressor the initial moisture 
content remains unaffected. In a compressor with 
intercoolers, while at inlet (assuming saturated air at 
60°F. and 14.7 lbs./sq. in. abs.) there is .0103 lbs. 
of moisture per 1 lb. of air, in the last intercooler 
the moisture content is reduced by condensation to 
.006 lbs., or to almost half of the original moisture 
content. 

Moisture in the compressed air causes greater 
wear in pneumatic machines and tools, and in the 
cases where such appliances are used in deep, hot 
mines, the moisture content adds greatly to the 
discomfort of the miners. For these reasons efforts 
are made to de-humidify the compressed air used in 
mines. 
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Referring to fig. 14, it will be seen, for instance, 
that if saturated air compressed to 95 lbs./sq. in. abs. 
is cooled (in an after-cooler) to 80°F., the moisture 
content is reduced to about .003 lbs. per 1-lb. of 
saturated air; if the temperature of the compressed 
air (95 lbs./sq. in. abs.) is reduced to, say, 40°F., its 
moisture content is reduced to about .o005 lbs. per 
1 lb. of air. Such intensive cooling can be achieved 
by refrigerating plant or by extracting heat out of the 
air by obtaining power out of it. This latter scheme 
has found favour in some South African mines. 
It will at once be apparent from Fig. 14 that 
de-humidification will be more pronounced at 
high pressures than at lower pressures: the air 
temperature should be kept just a little above the 
freezing point in any case. At 4o°F., for instance, 
the moisture content is about .o005 lb. at 95 lbs./ 
sq. in. abs. and about .0043 lbs. at 14.7 lbs./sq. in. 
abs., i.e., more than eight times greater. 

For de-humidification the compressed air from a 
compressor or an aftercooler is compressed to a 
higher pressure than required in the mine, cooled 
again at this higher pressure and then used in an air 
motor (for instance an air turbine) in which the air 
would be expanded to the pressure required in the 
mine and cooled by the extraction of useful work. 
The condensed moisture has of course to be separated. 
It is clear that such de-humidifying plant can be 
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incorporated in the main compressor. Naturally the 
air motor cannot give the output required for super 
compression, because it works within a _ lower 
temperature range than the super compressor. The 
difference in power due to the difference in tempera- 
ture range as well as the losses in the air motor and 
super compressor have to be covered by some other 
power supply. 


GENERAL DESIGN. 


Turbo-blowers are designed with either single flow 
or double flow. Where large quantities of gas at 
comparatively low pressures are required, a double 
flow turbo blower may be applied with advantage. 
An example of this type of machine is given 1n fig. 17. 

In course of years the peripheral velocity of 
impellers has been steadily increasing. While twenty- 
five years ago the impellers of turbo-blowers reached 
a peripheral velocity u, of about 500 ft./sec., to-day 
a velocity of 800 ft./sec. has become practical, due to 
improved design and materials used for the impellers. 
As the volumetric coefficient 


as Q: 
u,D," 7«.RPS.D,°’ 


it is seen that the volumetric capacity of a given 
impeller (or given D.) has been increased in the 
ratio 800/500 = 1.6 times; at the same time the 
adiabatic heat increase is raised in the ratio 


» = 2.56 times, and the total work of the 


impeller increased 4.1 times. 
If, on the other hand, the speed r.p.s. is kept the 
same and the peripheral velocity increased by means 
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of increased diameter (1.6 x original D.) then the 
volumetric capacity is increased 1.6° = 4.1 times 
and the compression work per 1 lb. of gas 2.56 
times or the total work of the impeller with the 
increased diameter is increased 10.5 times. 

Of course the increased peripheral velocity may 
be obtained by increasing partly the speed and 
partly the diameter. 

These conditions explain why in modern 
machines single flow is predominant, and fig. 16 
shows in section a 4-stage single flow turbo blower, 
capable of dealing with 50,000 cu. ft. of air per min. 
against a pressure of 20 
lb./sq. in. 


















































} N 
| ¥ 
Q 

WHY 






























» 











Fig. 16.—Four stage single flow turbo-blower, 
50,000 cu. ft. per min., 20 Ib. per sq. in. 














Each impeller of this 
turbo-blower consists of a 
main disc pressed and keyed 
on the shaft, a side plate 
of forged high tensile alloy 
steel and machined blades 
riveted to the main disc and 
side plate. Labyrinth 
glands are provided round 
the eye of each impeller. A 
balancing piston, which 
reduces the longitudinal thrust 
of the rotor to a small figure, 
is mounted after the last 
impeller, and the residual 
thrust is taken up by a 
) Michell thrust bearing 
| | mounted at the end of the 
| |__| shaft. The balancing piston 

- is provided with labyrinth 
( Sel) packing, and the space after 
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it is connected to the blower inlet. The casing, 
which is divided into top and bottom parts bolted 
together along the centre horizontal joint, com- 
prises an inlet and outlet, both of welded steel, 
together with separate castings forming the diffusers, 
return channels and chambers for impellers. The 
castings are bolted together along circular joints. The 
rotor is carried by two main bearings, and the casing 
inlet and outlet, where the shaft passes through, are 
provided with labyrinth packings to prevent air being 
sucked from, or delivered into, the engine room. 


Z 


free air (30” bar.) per minute, against a pressure of 
110 lbs./sq. in. gauge. 

With more up-to-date peripheral velocities the 
number of stages is reduced until they can all be 
accommodated in a single casing. Figs. 19 and 20 
show such a compressor, capable of dealing with 
36,000 cu. ft. of air per min., compressing it from 
30” bar. to 120 lbs./sq. in. gauge. In fig. 19 the top 
part represents the sectional elevation (the inlet and 
outlet being shown in chain dotted line in the lower 
part) while the sectional plan at the horizontal joint 
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Fig. 19.—Single casing turbo-compressor with intercoolers, 36,000 cu. ft. per min., 120 Ibs. per sq. in. 


It is obvious that the inlet and outlet can also be 
made as castings. 

In the case of turbo-compressors having a delivery 
pressure from 50 lbs./sq. in. upwards, the increased 
peripheral velocity had obviously the same effect on 
the volumetric and manometric capacity as in turbo- 
blowers. The special feature of a turbo compressor 
is the comparatively large number of stages, which 
has led with moderate peripheral velocity to designs 
of two and even more casings. An example of a two 
casing compressor in which the casings are water 
cooled and an inter cooler is inserted between the 
L.P. and H.P. casings, is shown in fig. 18. This 
machine is capable of dealing with 25,000 cu. ft. of 


is shown in the lower part of the figure. Fig. 20 
gives two cross sections through the machine. 

The shaft carries eleven impellers of four different 
diameters and a balancing piston, and is located 
longitudinally by a Michell thrust bearing -mounted 
at the end of the shaft ; the bulk of the longitudinal 
thrust on the impellers is taken up by the balancing 
piston. Each impeller consists of a main disc, 
pressed and keyed on the shaft, of a side plate, both 
made of high tensile alloy steel and pressed blades 
riveted to the main disc and side plate. 

All the internal packings, the balancing piston 
packing and the end packings are of the labyrinth 


type. 
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The casing consists of the intake, the delivery 
volute and the main cylinder, all being bolted 
together along permanent circular joints. It has a 
horizontal joint with bolting along the outside wall 
as well as along the inner wall. The main cylinder 
casing is arranged for insertion of six intercoolers, 
three on each side. The top and bottom halves of 
the main cylinder are symmetrical, the coolers 
extending an equal amount in both halves. This 
arrangement ensures the shortest possible passage 
for the air between the diffuser outlets and the 
coolers, and in consequence affords a minimum 
resistance. 

The six coolers are of identical dimensions and 
therefore interchangeable. The air passes through 
three successive stages and then through a pair of 
intercoolers (one on each side of the compressor 
casing). This occurs three times in the course of the 
whole compression. 

The coolers consist of closed pitched tubes 
soldered at each end to the tube plates. Spacing 
plates are inserted between the tube plates to stiffen 
the tubes. The tube plates are bolted to the water 
boxes. The bottom water box is bolted to the casing, 
the top water box being guided by means of a 
stuffing box, which not only prevents air leakage but 
at the same time allows free expansion of the tube 
nests in a vertical direction. To eliminate air lock 
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the top water boxes are provided with an air escape, 
fitted with an adjustable discharge, while water inlet 
and outlets are provided on the bottom water boxes. 
The water flows through the tubes in two passes in 
one of the coolers and then in two passes through 
the other, an expansion joint being inserted in the 
water pipe connecting the two coolers. By removing 
the top stuffing box, unbolting the bottom water box 
and removing the water pipes, the whole cooler can 
be lifted out by means of a crane for inspection and 
cleaning the outside of the tubes. The inside of the 
tubes can be cleaned with the cooler in position 
provided that the water supply is stopped by means 
of the isolating valves fitted on the inlet and outlet 
side of each pair of coolers. 

The air flows in one pass across the cooler tubes, 
while the water supply and discharge to and from 
the three pairs of coolers are paralleled by means of 
bus pipes. 

In order to separate the moisture condensed in 
the intercoolers, drains are provided on the lowest 
part of the casing after each pair of intercoolers. 

In the main casing cylinder are inserted diia- 
phragms made in halves which form the diffusers, 
the return channels and chambers for the impellers. 
The diffusers are provided with straight guide 
blades (clearly visible in fig. 20) which are made 
of steel plates cast in the diaphragms. 


(To be concluded). 











hb hhdddaded 


| 





NY 


aN 


+ 
: 

NY 
a 
= 




















WANS > 




















li 














A 
RAABAA VAAL SSRBRAASBAVVE BRS ERS) 
L 























i ! | / - : i. 7 . 
HT | | Pg 

TL Ff “SS 

Teeeannuie DIRECTION SS 

SESEREEEE iL OF ROTATION ; 
BRRRRE REE! LAL ps / ] . 
| || || 1 /, Vf | 

| ) 
7 ag FF) 






































li 
. +_— 
I 














































































































RANAAAASAASS ARRAS 






























































Fig. 20.—Cross section ZZ and YY of turbo-compressor shown in fig. 19. 
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Recent Developments in Electric 


Thermal Storage Cookers. 


By O. W. HUMPHREYS, B.Sc. and 
G. R. F. SCOTSON, M.A. 


Research Laboratories of The General Electric Co., Ltd., Wembley, 


THREE POINTS OF VIEW. 


HE primary object of the 
designer of electric cookers 
must be to satisfy the 
demands of the cook. But he must 
also bear in mind the interests of 
the electricity supplier, who is 
mainly concerned with the econ- 
omy of supplying electricity, and 
of the consumer, who wants to 
obtain cooking service as cheaply 
and conveniently as possible. 

Conventional electric cookers 
have now reached a stage of 
development which leaves but little 
to be desired in the matter of 
cooking performance, but to the 
supply engineer they represent a 
type of load which cannot be 
regarded as ideal, even though, at 
the present time, it may not 
generally be a cause for serious 
concern. 

Storage cookers have been pro- 
duced with a view to offering the 
electricity supplier a type of load 
which is intrinsically cheaper to 
supply than the normal cooker 
load, while at the same time pro- 
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Electric thermal storage cookers 
formed the subject of an article 
which appeared in the G.E.C. 
Journal, Vol. III, No. 4, 
November, 1932. In that 
article the general history and 
principles of thermal storage 
cooking were discussed, and a 
new cooker, designed on those 
principles, was described. The 
interest displayed in that model 
by supply engineers in all parts 
of the world has shown con- 
vincingly that there is an 
important field for the develop- 
ment of such cookers, while the 
experience gained has enabled 
many advances to be made. 
Recent research has _ therefore 
been devoted to a more detailed 
analysis of cooking requirements, 
and to the determination of the 
most efficient means of meeting 
such requirements with a cooker 
of the storage type. As a result 
of this work, two new cookers 
have been evolved, and in this 
article the authors describe these 
cookers, and discuss fully the 
economic considerations under- 
lying their design. 
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generating and distributing equip- 
ment, and therefore by the 
maximum demand for which the 
system has to cater. It is clear, 
then, that the ideal load for 
economical supply is one which 
has a constant value throughout 
the twenty-four hours, for such a 
load makes the fullest use of the 
installed plant, and the capital 
outlay for a given output of units 
isa minimum. The earlier thermal 
storage cookers had a constant 
load, and, considered on their 
own merits, they fulfilled the 
ideal requirements, but a supply 
authority is less interested in the 
nature of individual loads than 
in their combined effect on the 
system. Since some types of load, 
by their very nature, are bound to 
cause a maximum demand or peak 
at some particular time of day, it 
follows that other loads, which 
need not be supplied during this 
period are preferable even to 
those having a constant load. 
Furthermore, if by any device it 
is possible to reduce the contribu- 


viding cooking facilities which compare favourably 
with those of standard cookers. 

Since load characteristics provide the basic 
reasons for introducing the principle of thermal 
storage into electric cooking, it is logical to consider 
first the conditions prevailing among electricity 
supply systems. When the requirements of these have 
been defined it will be shown how the needs of the 
cook can be fulfilled within the bounds prescribed. 


GENERAL CONSIDERATION OF SUPPLY 
CONDITIONS. 


It is now common practice to divide the cost of 
supplying electricity into running costs, which vary 
with the quantity of electricity consumed, and capital 
charges, which are influenced mainly by the size of 


tion made to peak load by an existing class of 
apparatus, then the monetary value of the device is 
equal to the saving obtained in those costs which 
depend upon maximum demand. If the device can 
be applied at a cost which is less than the value of 
such saving, then its adoption is economically 
justifiable to both supplier and consumer. 


APPLICATION OF THERMAL STORAGE. 


The principle of thermal storage can often be 
applied to electric heating apparatus to reduce its 
maximum load, at the expense of a slight increase in 
energy consumption, and this principle has been 
extensively applied in the case of water heating. It 
can be economically applied to electric cooking if 
the saving in maximum demand and distribution 
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charges is greater than the cost of extra units con- 
sumed, and it has the added advantage that by 
reducing the maximum load of the cooker, it enables 
electric cooking to:be extended to localities where 
the supply mains are too small to carry the full load 
of standard electric cookers. The principle can be 
applied in almost any degree according to special 
requirements, and since these vary with the nature 
of the supply system, it will be necessary to analyse 
those features of the latter which affect the cooker 
load. 





Fig. 1.—Semi-storage cooker. 


TYPES OF SUPPLY SYSTEMS. 


For present purposes electricity supply systems 
can be classified according to characteristics as 
follows :— 

1. Urban systems of which the daytime load is 
mainly industrial, and which carry a heavy 
lighting load (for streets, shops, factories, etc.) 

2. Urban and suburban systems where the 
domestic load is a major proportion of the 
total. 

3. Rural systems where the total load is com- 
paratively small, and where the supply has to 
be carried over relatively great distances to 
reach consumers in scattered situations. 

Each one of these classes presents a different set 
of problems. Systems of the first type are likely to 
experience their heaviest load during the early 
evenings of the winter months, when the lighting 
and industrial loads overlap. Although the cooker 
load is not likely to be heavy at this time, it will not 
generally be negligible, for cooking will be taking 
place in preparation for evening meals, of which 
some will be full dinners. On such systems, therefore, 
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the average contribution to peak load per cooker 
installed will be small, and the proportion of maximum 
demand and distribution charges which must be 
debited to each cooker is also small. Systems of the 
second type carry a load of which a major proportion 
is due to domestic appliances. The fluctuations in 
the total load will largely follow those of the domestic 
load, and the system peak will generally coincide with 
the domestic peak, which will probably occur when 
the cooker load reaches its maximum value. In such 
cases a relatively large proportion of the peak load 
charges will be attributable to cookers. Finally, 
systems of the third type will generally be supplied 
by mains of comparatively light section, and the 
maximum permissible load will be strictly limited. 
Standard electric cookers, with their high maximum 
load, would be quite out of the question, especially 
as the total number of cookers which could be 
connected would be too small to permit any sub- 
stantial allowance for diversity. Without thermal 
storage cookers, electric cooking in such districts 
would not be available. 


THE NEW COOKERS. 


To meet the varied requirements of these 
different types of supply systems two new cookers 
have been developed. The first is best described 
as a semi-storage cooker, and is intended for general 
use where the supply mains to individual consumers 
are not too small to carry its maximum load of 1,950 
watts. Its average demand is less than that of the 
other new model, which is an all-storage cooker, 
generally similar to the earlier models, and having a 
maximum demand of 500 watts. This latter cooker 
is intended for rural areas where the semi-storage 
cooker cannot be used for the reasons already 
mentioned. These cookers will be described in 
detail after a short discussion on cooking require- 
ments and the application of thermal storage methods, 
as this procedure will give the reader a clearer idea 
of the reasons underlying the adoption of certain 
special features. 


ANALYSIS OF COOKING REQUIREMENTS. 


There are three main classes of operation which 
together constitute normal domestic cooking, and 
these three make essentially different demands upon 
the cooker. Firstly, there are the various hob 
operations, such as boiling, stewing and frying, all of 
which require a more or less definite quantity of heat. 
This can be supplied at temperatures which may 
vary over a wide range, so long as the lower limit 
exceeds the temperature of boiling water by an 
amount sufficient to give the appropriate rate of heat 
transfer from hotplate to vessel. 

The second group comprises the various forms of 
oven cooking, all of which require a definite 
temperature, and the supply of heat must be sufficient 
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to maintain the desired temperature conditions. A 
final small group includes grilling and toasting, 
which require radiant heat at a relatively high 
temperature. A satisfactory cooker must be capable 
of performing any of these operations at any time 
when they may reasonably be required. 


COOKING BY MEANS OF STORED HEAT. 


The heat necessary for the first class of operations 
can be stored in any convenient medium, and at any 
temperature which fulfills the requirement mentioned. 
A number of different materials, both solid and 
liquid, have been tried for the storage medium, and 
for practical purposes, cast iron has been found best. 
The quantity of heat stored in a given material is 
proportional to the product of the mass and the 
temperature. In other words a small reservoir at a 
high temperature can hold the same store of heat as 
a larger reservoir at a lower temperature. Now the 
rate of stand-by heat loss from the reservoir is 
proportional to the difference between its temperature 
and that of the exterior of the cooker, and owing to 
practical limitations as to form of construction, 
the hob is one of the main channels of such heat loss. 
It follows that the temperature of the reservoir in 
the neighbourhood of the hob should be as low as 
possible, and therefore, from the foregoing, the mass 
must be as great as practicable. Generally speaking, 
however, the temperature of the reservoir under 
these conditions is not sufficient to give grilling, or 
satisfactory oven heating although it fulfills all the 
requirements of hob cooking, and separate provision 
must be made for these processes. In the two new 
cookers this has been done in two different ways. 
In the semi-storage cooker, the oven and grill have 
been separated entirely from the main storage block, 
and are heated by independent elements of their 
own. In the all-storage model a separate small 
reservoir stores heat at a temperature sufficiently 
high to fulfil all the requirements of grilling and 
oven heating. Both cookers have a large reservoir 
of heat for hob cooking. 


SEMI-STORAGE COOKER. 


This cooker is designed to cook for a household 
of six or seven persons. Its external appearance is 
shown in fig. 1, while fig. 2 shows diagrammatically 
the arrangement of the grill, oven, and storage block. 
The latter is of cast iron, and its upper surface is 
machined flat so as to serve as a hotplate. It is 
enclosed at sides and bottom in a metal canister, and 
supported by chains from the four upper corners of 
the cooker body. The object of the canister is to 
catch any liquids which may be spilt on the hob, thus 
preventing them from soaking into the lagging, and 
also to avoid the necessity for disturbing the latter when 
the block is removed for transport, etc. The block 
has two 250 watt heating elements which provide a 


maximum input of 500 watts, but, under normal 
conditions, only one of these is used, giving a loading 
of 250 watts. The block is heat-insulated from the 
oven, which is heated in the conventional manner, by 
elements situated at top and bottom. The top 
elements, used independently, serve as a grill. All 
the heating elements are under the control of a 
special four-position rotary switch, whose four 
positions give the following arrangements :— 
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1. Slag wool. 

2. Compound asbestos 
board. 

3. Porcelain tubes. 


Fig. 2.—Diagrammatic section of semi-storage cooker. 
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Position 1. “‘Normal.’’ Block heating elements 
only. 

Position 2. “Grill.” Two grill elements only. 
I,500 watts. 

Position 3. “Oven High.’’ Two oven-bottom 
elements and one grill element. 1,950 
watts. 

Position 4. “Oven Low.’ One _ oven-bottom 
element. 600 watts. 

These four positions are alternative, and as the 
block elements are switched off while either oven or 
grill is in use the maximum possible loading of the 
cooker is 1,950 watts. There is also a subsidiary switch 
controlling the block heating elements. The positions 
of this switch are marked “Off Duty,’ “Normal,” 
and “‘Heavy Duty,” and give loadings of 125 watts, 
250 watts, and 500 watts respectively. While the 
“Normal” 250 watts load provides sufficient heat for 
all normal cooking, the “‘Heavy Duty” 500 watt 
loading enables the cooker to meet any extra heavy 
demands which may occasionally be made upon it. 
The “Off Duty’”’ loading of 125 watts is just sufficient 
to keep the cooker hot during short periods of 
absence from home, (e.g. week-ends) so that it is 
ready for use immediately on return. In all usual 
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circumstances, therefore, both the switches on this 
cooker stand at ‘‘ Normal,’’ (loading 250 watts) 
throughout the 24 hours, except when the oven or 
erill is in use. The “Oven High” loading of 1,950 
watts is used only to pre-heat the oven to roasting 
or baking temperature, at which it is subsequently 
maintained by the “Oven Low’”’ loading of 600 watts. 
The “‘Grill’’ loading of 1,500 watts will only be in 
use for very short periods, as grilling and toasting 
are essentially rapid processes. It is evident, there- 
fore, that the loading of this cooker will only exceed 
the normal 250 watts for quite short periods. 
Moreover, the nature of the processes which require 
the higher loadings is such that there will be a very 
high diversity in the use of the latter in any area where 
a number of these cookers are installed. Further 


Fig. 3.—All-storage cooker. 


reference will be made to this subject in a later 
section of this article. Finally, the great flexibility of 
control of the cooker makes it possible to switch off 
the block-heating elements by time-switch during 
any two hours or so of the day, corresponding to the 
period of peak load on the supply system. This 
means that all hotplate cooking can be done by 
means of an entirely off-peak load, and such 


processes form the bulk of all normal household 
cooking. 


ALL-STORAGE COOKER. 


This model is the lineal successor to previous 
G.E.C. storage cookers. Its main constructional 
features and its load characteristics are very similar 
to those of its predecessor, but experience gained 


with the latter has enabled several important improve- 
ments to be made. 
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The cooker is illustrated in figs. 3 and 4, and it 
will be seen that it is externally similar to the 
semi-storage cooker just described. In fact the two 
cookers have been built, as far as possible, from 
parts which are interchangeable between the two 
models. Reference to the diagrams figs. 2 and 4 will 
immediately show the main points of difference 
between them. 

The all-storage cooker has a small additional 
storage block, below the main block, and the purpose 
of this smaller block is to store the necessary quantity 
of heat at a sufficiently high temperature for grilling 
and oven-heating. This block is permanently fixed 
to the oven-top, and its lower surface can be exposed 
by the removal of a polished chromium plated 
reflector. Radiant heat is then available either for 
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1. Slag wool. 


2. Compound abestos 
board. 


3. Porcelain tubes. 
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Fig. 4.—Diagrammatic section of all-storage cooker. 


grilling or oven pre-heating. Two heating elements, 
loaded to a total of 450 watts, are situated in the 
lower block, and these, with the single 500 watt 
element in the oven-bottom, are under the control 
of a rotary change-over switch, so that the maximum 
loading of the cooker is 500 watts, while the normal 
is 450 watts. A sheet of polished aluminium is 
placed in the air gap between the lower and upper 
blocks, and the high thermal resistance thus formed 
restricts the upward heat flow to an amount sufficient 
to meet all normal hob-cooking requirements. The 
upper block of this cooker, in fact, fluctuates between 
the same limits of temperature as the block of the 
semi-storage cooker, so that the heat losses via the 
hob are the same in the two models. At the same 
time, by virtue of the thermal resistance between the 
upper and lower blocks, a substantial temperature 
difference is maintained between them, and a supply 
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of high-temperature heat is available for grilling, 
etc. Moreover, a rapid fall in the upper block 
temperature, brought about by heavy use, is not 
accompanied by a similar fall in the temperature of 
the lower block, so that the performance of the 
cooker for grilling and oven work is not materially 
influenced by previous use of the hob. Fig. 5 
illustrates this by showing the temperature fluctua- 
tions of the two blocks during the course of a day’s 
cooking which consisted almost entirely of hob 





cook for a family of six or seven, and both the new 
cookers are normally rated for the same number of 
persons. But while the older models were un- 
economic for a smaller number of people, and were 
at the same time unable to meet heavy or prolonged 
overloads, the new semi-storage cooker suffers from 
neither of these limitations. Under certain conditions 
it is more economical than a standard cooker when 
cooking for four persons, while the “Heavy Duty”’ 
loading of the block-heating elements provides ample 
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Fig. 5.—Fluctuations in the temperature of the upper and lower storage blocks of an all-storage cooker 
during the course of a day’s cooking taking place almost entirely on the hob. 


operations. The temperature of the lower block 
falls during the course of oven-cooking, as its heat 
supply is then temporarily cut off, but on account of 
its light weight (compared with the upper block) it 
rapidly regains its usual temperature when the heat 
supply is restored. 

Under normal running conditions the oven is at 
a temperature of about 150°C (300°F), and is thus 
immediately available for processes which require 
only a low oven temperature. It is pre-heated to 
roasting and baking temperature by turning the 
change-over switch to “Oven,” and withdrawing the 
reflector from beneath the lower block. Heat is thus 
admitted to the oven from top and bottom, and the 
desired temperature is reached in about 20-25 
minutes. 

The division of the storage block into two separate 
parts has solved many of the difficulties which were 
previously experienced with storage cookers, for 
while the cooking performance has been considerably 
improved, the average energy consumption is Io per 
cent less than that of the previous model. The 
latter is due mainly to the reduction of the average 
temperature in the neighbourhood of the hob. 

The cooker thus extends the main advantages of 
electric cooking to consumers in isolated situations, 
where the cost of a cable large enough to feed an 
ordinary cooker would be prohibitive. 


PERFORMANCE OF THE NEW COOKERS. 


Earlier thermal storage cookers were designed to 


reserve to meet unusually heavy demands. For 
example, a reasonable amount of water for washing 
up can be heated on this cooker, whereas the older 
storage cookers, and even the new all-storage model 
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Fig. 6.—Temperature fluctuations of both storage blocks 
of an all-storage cooker during the course of two days’ 
heavy cooking. 


are not generally able to give this service. It might 
appear, at first sight, that oven cooking and grilling 
on the semi-storage cooker were limited only by the 
size of the oven, but it must be remembered that the 
block-heating elements are automatically switched 
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off when the oven or grill is in use, so that unduly 
heavy use of the latter might handicap subsequent 
cooking on the hob. For all practical purposes 
however, there are no serious limitations in the use 
of the semi-storage cooker. In the all-storage model 
a reduction has been made in the energy consumption, 
and a greater reserve of heat has been provided 
than was the case in the earlier model. The amount 
of cooking which can be carried out is of necessity 
more closely restricted than in the semi-storage 
model, but this restriction is well outside the bounds 
of normal use. It will only become apparent if an 
attempt is made to cook continuously for more than 
the rated number of people or to cook several meals 
at one time without allowing time for the reserve 
of heat to be replenished. Thus, fig. 6 shows 
the block temperature fluctuations of an all-storage 
cooker during the course of two days’ heavy cooking. 
The fact that the blocks regain their temperatures 
at the beginning of each day shows that the cooker 
could continue indefinitely to meet the demand 
made upon it. 

The two storage cookers, although they are 
primarily designed for the benefit of the electricity 
supplier, offer several important advantages to the 
cook. Thus, they give very rapid boiling of water 
(from cold), easy simmering, and simplicity of control 
which is not possible with the standard type of 
electric cooker. The oven of the all-storage cooker 
is normally at a temperature of about 150°C (300°F) 
and is immediately available for certain processes 
requiring a low oven-temperature, while long-period 
simmering can be carried out most economically by 
bringing the vessel to the boil on the block, and then 
transferring it to the oven. In this way the heat of 
the storage block is conserved for rapid boiling, etc., 
and the simmering itself is done in the ideal way— 
very gently. 

To the electricity supplier, both cookers offer 
great advantages in respect of simplicity of installa- 
tion, negligible maintenance costs (the block-heating 
elements run at a relatively low temperature, and are 
almost everlasting), and an economy in supply costs 
on account of their load characteristics. This will 
be discussed in detail in the next section. 

The temperatures of the storage blocks fluctuate 
throughout the day, according to the use which is 
made of the cookers. Generally speaking, the 
maximum, of about 320°C (610°F), is reached first 
thing in the morning, and the minimum, of 180°C 
(356°F), immediately after cooking a heavy meal. 
As the main storage block weighs 165 lb., the heat 
stored between these limits of temperature is about 
5000 B.Th. U. (1.45 kWh), i.e. enough to boil 26 
pintsof water. The time taken to boil water from cold 
depends on the temperature of the block, the range 
of variation being shown in fig. 7. It will be seen 
that the time varies from 3i minutes to 8} minutes 
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(in a flat-bottomed kettle with 8{ in. diameter base). 
The lower block of the all-storage cooker is always 
at a temperature well above what is required for 
grilling and toasting, except after heavy use of the 
oven, which means that these processes are possible 
whenever they would normally be required. More- 
over, since the temperature of the lower block is 
hardly affected by cooking on the upper block, oven 
pre-heating is practically independent of any previous 
boiling or stewing which may have taken place. 
Finally the energy consumption of the new all-storage 
cooker is 10 per cent less than that of the earlier 
model. Thus several important improvements have 
been made over previous practice, and all of these 
are attributable to the two-part construction of the 
storage block. 

Fig. 8 shows the block-temperature fluctuations 
of the semi-storage cooker when performing a heavy 
cooking schedule, (A) with the block elements 
switched off by time switch from 4 p.m. to 6 p.m. 
(hypothetical peak-load period), and (B) without 
such time-switch control. The figure also shows the 
extra use of the “Heavy Duty” block loading 
required to maintain the temperature. 


COMPARATIVE RUNNING COSTS OF STANDARD 
AND THERMAL STORAGE COOKERS. 

In an early part of this article it was pointed 
out that electricity supply costs depended partly on 
the quantity of electricity consumed, and partly on 
the maximum rate at which the energy had to be 
supplied. The influence of the standard electric 
cooker load on various types of supply systems was 
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Fig. 7.—-Time taken to boil 3 pints of water (from 15°C.) 

on a semi-storage cooker (1) in kettle with 8} in. dia. base 

and (II) in pan with 7 in. dia. base, at various initial 
temperatures of storage block. 
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also discussed, and it was explained that the aim in 
designing thermal storage cookers was to reduce the 
maximum demand and distribution costs. In most 
cases the reduction in these costs outweighs the cost 
of extra units consumed, so that a nett saving results 
from the use of storage instead of standard cookers. 
In this section it will be shown how comparative 
costs can be calculated for the two types of cookers 
under various supply conditions, and an example 
will be worked out on an assumed basis of allocation 
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gives the average load per cooker at the time in 
question, and if the time is selected to be that of 
system peak-load, the figure gives the average 
contribution to peak load per cooker installed. 

If this figure is further divided by the maximum 
possible load of a single cooker, we obtain a figure 
representing the overall diversity of the cooker load 
at the time in question (the overall diversity is defined 
as the actual load due to cookers at a given time 
divided by the total connected cooker load). 
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Fig. 8. 


TIME -HOURS 


Temperature fluctuations of block in semi-storage cooker (A) with block switched off 


by time switch, and (B) without time switch control. 


of the maximum demand, distribution, and manage- 
ment costs. 

Let us consider first the load which is likely to 
be thrown on the supply system by a number of 6-7 
person cookers of the standard type. At any given 
time some of these cookers will be off circuit, while 
the load due to any one of the remainder may be 
anything up to the full load of the cooker. If the 
total load due to the cookers at any time is divided by 
the number of cookers installed, the resulting figure 


A detailed examination of the various types of 
meals taken, and an analysis of the cookirig required 
for them will show that at least 50 per cent of the 
average load per cooker (as defined above) is due to 
hotplates, the remainder being due to ovens and 
grills. Now the storage cookers only depart from 
their normal loadings when the ovens (and in the 
case of the semi-storage cooker, the grills) are in use. 
If, therefore, the average load per standard cooker is 
known, it is possible, within fairly close limits, to 
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calculate the corresponding load per storage cooker 
doing the same cooking. Table 1 shows corresponding 
figures for storage and standard cookers, and also 
the overall diversities corresponding to given loads 
per standard cooker. (The maximum load of the 
standard cooker has been taken as 7.7 kW). It will 
be noted that the fifth column includes figures for 
the semi-storage cooker with its block heating 
elements switched off by time switch at the time in 
question. It has been previously mentioned that this 
cooker admits such treatment, and it will now be 
seen that very considerable reductions in the peak- 
load contribution result therefrom. 





TABLE I. 
Average | Average Load 
Overall Load per | Average Load | Average Load per Semi- 
Diversity | Standard | per All- | per Semi- Storage Cooker 

Cooker Storage Cooker Storage Cooker; with Block 

| | switched off 
per cent watts watts watts. watts 
i .3 100 450-451 320-335 15-35 
2.6 200 | 450-452 | 329-359 29-69 
3.9 300 450-453 338-382 42-102 
2.2 400 450-454 347-406 56-136 
6.5 500 450-455 356-429 69-169 
7.8 600 451-456 365-453 83-203 
9.1 700 451-457 374-476 96-236 
10.4 800 451-458 383-500 110-270 
11.7 900 451-459 392-523 123-303 
13.0 1000 451-460 401-547 137-337 
14.3 1100 452-461 | 410-570 150-370 
15.6 1200 452-462 419-594 164-404 
16.9 1300 452-463 428-617 | 177-437 











Now although it is not possible, in most practical 
cases, to know exactly what is the average contribu- 
tion per cooker to system peak-load, an approximate 
figure is often available. From this figure and a 
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will be seen that in many cases the saving in maximum 
demand charge alone is sufficient to justify the extra 
energy consumption, and in these cases any saving 
in cost of distribution represents extra profit to the 
supplier. | 

The annual energy consumption of the all-storage 
cooker is 3,980 units, and is very little affected by the 
amount of cooking. The consumption of the semi- 
storage cooker may be from 2,380 units to 3,000 units 
according to the use which is made of the cooker. 
For the purpose of this example the figure of 2,740 
units has been taken, based on an average consump- 
tion of 7.5 units per day, this figure having been 
obtained during the course of practical cooking 
tests on the cookers. The consumption of a standard 
electric cooker doing the same cooking would be 
about 6 units per day, or 2,190 units per annum. 
If the semi-storage cooker has its block-heating 
elements switched off by time-switch for a period of 
two hours each day (corresponding to peak load 
period), it may be necessary to use the “Heavy 
Duty” loading to compensate for this, and the 
energy consumption may be slightly increased. For 
this case, therefore, the annual energy consumption 
has been taken as 2,850 units, this figure having been 
found during the course of practical tests. 

Table 2 shows the annual costs of supplying 
electricity to standard and storage cookers, based 
on the following figures :— 

I. Cost of electricity bought from the Grid. 





knowledge of the actual values of the maximum (a) Cost per unit consumed.. 0.2d. 
Annual cost to Supplier. | 
Type of Cooker. —_— - ——_—_—_—_ Tariff 
Max. Dem. | Cost o , Annual Cost | charged _ Annual Profit 
Char¢ge. | Distribution. Cost of units. Total. to Consumer. | to Consumer. | to Supplier. 
f Ss d. f S d. a7 .. @ #«@ f ss. a. | pence per walt. | fos. d. 

Standard 6-7 person consuming | | 
2190 units p.a. oe: - as 2° 2 tote l 16 «66 6 10 3 6 17 #1 | 0.750 | O 6 10 
Semi-storage, consuming 2740 units a | | i 
p.a. - sit Y - ae l . -% l ® i — § ) l 3 o if 7 | 0.600 | 1 15 10 
Semi-storage, time-switch controlled, . | | . | 
consuming 2850 units p.a. .. ~. be oe ir 2 i 6 4 0 6 & i7 | | 0.576 I] 2 U6 7 
All-storage, consuming 3980 p.a. .. | 1 11 11 l : © 6 4 6 9 9 6 17 1 } 0.413 | | 0 11 4 
Standard 4 person, consuming 1460 | | 
units p.a. -“ S hes ‘<e 8 ; 6 1 17 8 . oS epee 4 |i] 3 0.750 an a 

loss. 
Semi-storage, Time-switch controlled, 
Cooking for 4 persons, consuming | | 
2850 units p.a. ya as Ser ae l 2. 2 , * s 2.6 4 11 3 0.384 | 0 10 9 

| | profit. 











demand and distribution costs, and the method of 
allocation of the latter, the complete comparison of 
supply costs can be worked out. There is, however, 
‘some difference of opinion as to the method of 
allocating the costs of distribution and management, 
and it is therefore impossible to give a worked 
example which would suit all cases, but for the sake 
of illustration, an example has been worked out on 
the basis described by Woodward and Carne.* It 


* J. E‘E. Journal Dec., 1932. 


(6) Maximum demand charge 
per kVA, perannum .. £3 I0 oO 


2. Cost of distribution and management, per 
annum. 


(a) per kVA_ of effective 
demand at time of heavy 
load on the low voltage 
network .. a ~ 2 8 


(6) per kVA _ of effective 


ae ee ene 
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demand at time of heavy 
load on the High Voltage 
System .. a .. £0 13 I0 

The overall diversity of the cooker load at the 
time of peak-load on the high voltage system has 
been taken as 8 per cent (123 to 1) and the overall 
diversity at the time of peak-load on the low-voltage 
network has been taken as 12 per cent (83 to 1). 
The tariff to be charged to the consumer has been 
so calculated that the consumer’s annual costs for 
running storage or standard cookers are equal, and 
the resulting profits to the supplier are shown in 
the final column. 

The two lowest rows of the table show the 
economy of using a time-switch controlled semi- 
storage cooker to cook for four persons. It will be 
seen that the standard cooker shows an annual loss 
of 2s. 3d., when the consumer’s tariff is id. per unit, 
while the time-switch controlled semi-storage cooker 
shows a profit of tos. 9d. when the consumer’s 
tariff is 0.384d. per unit. 

It has been assumed that the peak loads on the 


high and low voltage networks do not coincide, and 
the time-switch control of the semi-storage cooker 
applies only to the high-voltage peak. In some cases 
greater savings may be effected by switching off 
during the low-voltage peak, though this is not so 
with the present set of figures. 

In conclusion, the authors wish to make it quite 
clear that the figures in Table 2 cannot be regarded 
as generally applicable to all cases. Their purpose 
is to indicate the method of calculation when the 
relevant conditions are known, and these will vary 
widely from one supply system to another. The 
time-switch controlled semi-storage cooker, when 
cooking for six persons will almost invariably show 
an advantage over standard cookers, for it provides 
all hot plate cooking by means of an entirely off-peak 
load, while its oven and grill loadings are individually 
smaller than those of the standard cooker. Thus, 
whatever the peak-load contribution of the standard 
cooker may be, that of the time-switch controlled 
semi-storage cooker is necessarily less when doing 
the same cooking. 





Electric Galley Equipment in the S8.S. “Strathmore.” 





One side of the 14-oven island range (total loading 296 kW) 
installed in main galley of S.S. ‘* Strathmore.’’ 
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Electric Winder for the 





Fig. 1 (above).—-Part of the 

winding equipment arriving 

at Champion Reef Gold 
Mine, South India. 


Fig. 2 (right). G.E.C.— 
Fraser & Chalmers electric 
winder at the Champion Reef 
Gold Mine. On the left is 
the 1,150 h.p., 525 volt, 
37.5 r.p.m. motor driving 
the winding drums. 


EVELOPMENT work in the gold mining 

industry has been rapidly accelerated by 

the high price of gold recorded for the last 
few years in the markets of the world. In many 
gold mines it has been found highly profitable 
to re-treat old tailings and to mine a much larger 
proportion of low grade ore, while opportunity has 
also been taken to replace obsolete and inefficient 
plant. This is well illustrated by the Champion Reef 
Gold Mines of India Ltd., which is situated in the 
Kolar district of the Indian state of Mysore, the 
site of the principal goldfield of India. 

One part of the many developments and extensions 
which have recently been made in the Champion 
Reef Mine consists of the replacement of a large 
steam winder at the Gifford shaft by a new electric 
winder. The new winder and its control equipment 
are fully described in this article. 
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Champion Reef 


Gold Mines 
of India. 


By C. E. CUTTING, 


Manager, Madras Branch of 


_ as The General Electric Co. (India) Ltd., 


and 


J. MEEK, 


G.E.C. Resident Engineer, Madras. 





DISCOVERY OF KOLAR GOLDFIELDS. 


It is of interest to mention that the beginning of 
modern mining in the Kolar district, which dates 
from about 1880, was due to the discovery of ancient 
workings. The Ancients apparently prospected 
about on the surface outcrops until they came 
upon a vein of rich ore. This they would 
work out with their crude appliances to a depth 
of 150 or 200 ft. The method employed was 
to heat the ore and then throw cold water on it, 
thereby rendering it friable and suitable for extracting 
the gold by hammering with pieces of hard rock. 
Equally primitive must have been the method used 
for getting rid of the flow of water which would be 
encountered at any depth. Large gangs of workers 
must have been continually employed to bale out the 


water with vessels which were passed up to the 
surface. 


CHAMPION REEF WINDER 


As regards the geology of the goldfield, the 
formation in which the reefs are found is a bed of 
schistose rock about 15 miles long. Of these reefs 
the main, or “Champion” lode as it is called, is the 


most important, and is the reef on which the richest 
mines are now situated. 


NEW EQUIPMENT. 


The equipment supplied to the Champion Reef 
Mine comprises an electrically operated ore hoist 
capable of hoisting a load of 5,300 lbs. of ore from 
a vertical depth of 3,633 ft. with a rope speed of 
1,910 ft. per minute. For this purpose a Ward- 
Leonard controlled D.C. motor of 1,150 h.p. direct 
coupled to double cylindrical drums, together with 
the necessary control gear, have been installed. The 
whole of this winding equipment was supplied by 
The General Electric Co., Ltd. 

Part of the equipment arriving at site is shown 
in fig. 1. It is interesting to note that special railway 
trucks had to be brought to Madras to transport the 
equipment to Champion Reef Station, a distance of 
180 miles. 

As the diameter of the armature of the winding 
motor is approximately 11 feet, it had to be packed 
on its sides for transport by rail in order to clear 
bridges ; also, the shaft of the armature had to 
be withdrawn in order to bring the case containing 
the armature within the loading limits of the railway. 
The transport from Champion Reef Station to site 


was by means of bullock drawn vehicles as illustrated 
in fig. 1. 


OPERATING DATA. 


The working conditions of the winder, which is 
illustrated in figs. 2 and 3, are as follows :— 





Fig. 3.—The complete winding equipment on test at 


Fraser & Chalmers Engineering Works. 
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Vertical depth of shaft 3,633 ft. 
Weight of orelifted per wind 5,300 lbs. 
Weight of cage and chains 9,212 lbs. 
Weight of trucks (2) 1,736 lbs. 
Time of actual winding 130 Secs. 
Time of decking 40 secs. 
Rope speed .. 1,910 ft. per min. 
Speed of motor and drum 37.5 r.p.m. 
Diameter of drums . 16 ft. 
Width of drums between 

cheeks 4 ft. 6 ins. 


MECHANICAL EQUIPMENT. 


The two drums are of the cylindrical type, one 
being loose on the shaft and driven by means of a 
clutch, and the other keyed to the shaft. The drum 
cheeks are of semi-steel, and are made in halves 
with planed joints fastened together by fitted bolts 
in the hub and rim. The shells are of mild steel 
plate, also made in halves and bolted together, and 
machined where they are bolted to the drum cheeks 
on either side. The shells are designed with sufficient 
thickness to take three layers of rope, and are 
reinforced internally by mild steel “tee’’ rings. 

Replaceable mild steel brake paths are provided, 
bolted to flanges cast solid with the outer drum 
cheeks, a ventilation system being embodied which 
prevents the drum overheating during braking. The 
brakes themselves are of the curved, suspended post 
type, each controlled by a separate brake engine. 
Wood block linings are fitted, and are capable of 
adjustment for wear. The brake engines are 
provided with cataract cylinders to ensure smooth 
braking by eliminating shocks, and the control gear 
is so designed that any braking force between zero and 
maximum can be applied. Compressed air is used 
to operate the brakes. 

The clutch on the loose drum is 
of the cast steel multiple tooth type, 
the outer ring being fitted to the 
drum and the moveable portion sliding 
on a machined hexagon forged on 
the drumshaft. The clutch is opera- 
ted by screw-down gear on the 
driver’s control platform (fig. 2). 

The control gear mounted on 
this platform comprises a _ control 
lever, a clutch lever, a brake lever 
and an emergency switch.. 

The brake lever operates both 
brakes in normal balanced working, and 
an interlock lever is fitted to ensure that 
the loose drum brake is fully applied 
before the clutch can be disengaged. 


ELECTRICAL EQUIPMENT. 


The electrical equipment consists 
of the winding motor itself, which 
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is rated at 1,150 h.p. at 525 volts + 37.5 r.p.m., 
an 800 kW Ilgner Ward-Leonard motor-generator 
set, 750/630 r.p.m. (fig. 4) and the electrical control 
equipment. The latter comprises :— 

(1) Two truck cubicles, fig. 5, housing two 
truck-type oil switches with overload and 
no-volt protection, together with the necessary 
transformers supplying voltmeter and am- 
meter. No. 1 truck handles the main supply 


controlling winder motor. 


to the Ilgner set, while No. 2 is a “plugging’”’ 
switch arranged to stop the set by reversing 
the stator of the induction motor relative to 
the line. The two trucks are interlocked as 
described below. An adjacent compartment 
contains a transformer which supplies the 
low-tension auxiliaries. 

(2) A combined liquid starter and slip-regulator, 
fig. 5, electrically interlocked with (1) to 
prevent incorrect operation. The liquid con- 
troller is designed to enable any of the cooling 
tubes to be replaced with the minimum of 
delay. The banks of cooling tubes are mounted 
in detachable headers which are carried on a 
separate platform fixed to the inside ‘of the 
liquid controller tank. A complete header 
can thus be removed and replaced quickly by a 
Spare header. 

(3) A steel plate cubicle containing most of the 
apparatus for the control of the main D.C. 
generator and exciter, and of the main winder 
motor, namely, exciter voltmeter, ammeter 
and field regulator, main excitation contactor, 
generator field suicide contactor, together with 
the main motor field, weakening and protective 
relays, and the emergency brake solenoid 
contactor. 

(4) Driver’s Ward-Leonard controller, arranged 
beneath the driver’s platform, and actuated 
by the control hand lever. In addition to the 





Fig. 4.—-800 kW Ilgner Ward-Leonard motor generator set 
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generator field regulator and electrical inter- 
locking contacts, the controller embodied two 
hand-closed “‘back-out’’ switches, which enable 
the driver to back out of an overwind. 
Also mounted near the driver’s platform is 
an instrument pillar carrying main motor 
voltmeter and ammeter. Bell alarms at the 
platform warn the driver in the event of failure 
of the flywheel bearing lubrication or cooling 
water, and an emergency push button 
enables the winder motor to be stopped in 
the minimum safe time by automatic action 
of the main brakes through the medium of 
a brake solenoid. 


SEQUENCE OF OPERATIONS. 


The functions of this equipment will be 
appreciated by a study of the complete 
sequence of operations, starting with the 
flywheel motor-generator set at rest. 

In this condition, the exciter and main 
motor fields are short circuited, the excita- 
tion contactor open, the exciter armature 
circuit closed on a _ resistance and the 
generator field ‘‘suicided.”’ i.e., connected, 
reversed, across its own armature. The 
emergency brake contactor is open and the 
emergency brake solenoid de-energised. 

The first operation is to start the motor-generator 
set by closing the main oil breaker and gradually 
cutting out the liquid starter. The breaker, however, 
can only be closed provided :— 

(1) The liquid starter is in the “‘all resistance in’’ 


position. 

(2) The bearing cooling water pump motor is 
running. | 

(3) The “plugging’’ breaker on No. 2 truck 1s 
open. 


(4) A.C. supply is available to release the handle 
of the main breaker (which is otherwise 
locked down) and to energise the no-voit coil. 

The switch being closed, the set may be brought 
up to speed by operating the starter, and depressing 
the push button of the “resetting switch’ on the 
driver’s platform. This removes the short-circuit 
from the exciter and allows it to build up its voltage. 
The voltage at once picks up the main excitation 
contactor and emergency brake contactors, setting 
the brake control gear for hand control provided :— 

(a) Driver’s emergency push switch in the 
running position. 


(b) Overwind limit switches closed, both on Lilly 
controller and track. 


(c) Overspeed switches closed on both main 
winder and motor-generator set. 


(d) Main motor overload relay set. 
(e) Main motor field failure relay set. 


(f) Hand brake lever in “‘on’”’ position and main 
controller ‘‘off.”’ 


(g) Air pressure failure switch closed. 








CHAMPION 


The driver now releases the controller hand lever 
by grasping the grip catch on the handle. This 
closes the field weakening contactor and applies full 
field to the winder motor. (This contactor is 
arranged to “fail to safety,” i.e., to give full field on 
failure and so avoid the possibility of weak field 
while a wind isin progress.) The driver may 
now move the controller hand lever in the 
desired direction, at the same time releasing 
the brakes. The initial motion of the 
controller hand lever causes the generator 
field “‘suicide’”’ contactor to change over and 
connect the generator field to the exciter, 
in series with the whole of the controller 
resistance. 

The generator voltage thus builds up and 
causes the winder motor to rotate; further 
motion of the handlever enables full speed 
to be obtained. During this portion of the 
wind the power demand is heavy, as the 
moving and rotating masses have to be 
accelerated. The automatic slip-regulator 
accordingly moves to introduce resistance 
and so allows the set to slow down and the 





Fig. 6.—Emergency compressor plant. 


flywheel to give up some of its energy. At 
maximum speed, the power demand falls and the 
slip regulator begins to accelerate the flywheel. 

On approach to the bank, the driver moves his 
controller hand lever towards the off position, 
reducing the generator excitation and voltage. The 
motor is thus caused to feed back current into the 
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generator, so that the latter works as a motor and 
accelerates the flywheel. Thus a large proportion 


of the kinetic energy of the winder is returned to 
the flywheel, and the peak power demands during 
acceleration are largely prevented from reaching the 
incoming A.C. system. 





Fig. 5.—Control gear for winder ; on the left is a 
combined liquid starter and slip regulator; on 


the right are the A.C. truck cubicles. 


As the control hand lever reaches the stop 
position, the motor field is weakened and the 
generator field contactor changes back to the 
‘suicide’ position, in which the field is connected, 
reversed, to its own armature. When thus connected, 
any voltage remaining at the generator terminals will 
cause a self-destroying current to circulate in the 
field. In this way, creeping of the winder, due to 
residual generator voltage, is entirely eliminated. 


PROTECTIVE GEAR. 


As is usual, the protective arrangements are 
concentrated in a single safety circuit, interruption 
of which will open the excitation contactor and 
emergency brake contactor. 

The opening of the excitation contactor short- 
circuits the exciter field, connects the exciter 
armature to a low resistance, short-circuits the 
winder motor field and applies the emergency brake. 
The consequent fall in the excitation voltage will 
cause the generator field contactor to change over to 
the “‘suicide”’ position. The winder is thus brought 
quickly to rest. The safety circuit is arranged so 
that it is interrupted by :— 

1. Failure of D.C. motor field. 

2. Failure of exciter voltage. 

3. Overload on winding motor or motor 

generator set. 

4. Overspeed of motor generator set. 


<a ee ge ne ~- -_— - 
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Overspeed of winding motor. 

. Opening of emergency push button switch. 
. Failure of power supply. 

. Failure of air pressure. 

9. Overwinding of cage. 

Starting up after a shut down because of one of 
these faults can only be made by remedying the 
defect and then repeating the starting sequence, 
omitting, of course, the starting up of the motor 
generator set. 

In the case of an overwind, the excitation 
contactor cannot be reclosed unless the limit switch 
in the safety circuit is temporarily short-circuited. 
Two bye-pass switches are provided for this purpose 
and are built into the main Ward-Leonard controller. 
After an overwind, both are closed, and the excitation 
contactor reset. If the driver now attempts to run 
the wrong way, i.e., to overwind further—a cam on 
the controller spindle opens the appropriate bye- 
pass switch and trips the safety circuit again. If, 
however, he backs out of the overwind correctly, the 
limit switch automatically resets itself, and at the 
beginning of the next wind in the same direction the 
cam opens the bye-pass switch and so restores the 
original condition. On the A.C. side the main oil 
circuit breaker will open on sustained overload or on 
voltage failure, and re-starting must then be carried 
out from the beginning. 

An emergency motor driven air compressor (fig. 6) 
is provided for the brake engines, and has a capacity 
of 50 cubic feet of free air per minute to 60 lbs. per 
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sq. in., and is complete with an automatic pressure 
regulating device to operate at 35 lbs. per sq. in. 


SAVING IN HOISTING COSTS. 


It may be stated that although the electric winder 
described in this article has only been in commission 
for a comparatively short time, substantial savings 
in hoisting costs have already been shown. In this 
connection it is interesting to quote the statement 
made by Mr. Sidney E. Taylor, of John Taylor and 
Sons, Managers of the Champion Reef Gold Mines 
of India, Ltd., in his address at the ordinary general 
meeting of the company, held on Friday, April 12, 
1935 :— 

“The new electric winding engine at Gifford 
shaft was brought into commission in August, and 
in consequence a substantial saving is being realised 
in hoisting costs as compared with the steam winding 
engine which it has replaced. The saving is at the 
rate of £8,000 a year, a satisfactory figure compared 
with the all-in cost of the new electric winder, which 
was just under £28,000.” 


CONCLUSION. 


In conclusion, it should be noted that the whole 
installation was designed and carried out in accord- 
ance with specifications prepared by A. H. P. Fitz- 
Patrick, Esq., Chief Engineer of the company, in 
collaboration with G. W. Richardson, Esq., M.I.E.E., 
M.1.Mech.E., Chief Electrical Engineer of the Kolar 
Gold Fields Electricity Department. 





“Osira” Lighting on the Albert Embankment, London. 





TEA UTLUTLL LLU 


Albert Embankment, 
London, illuminated by 
‘¢ Osira’’ lamps housed 
in the existing Dolphin 
standards, which were 
adapted to accommo- 
date special fittings for 
the lamps. A total of 
Sixty-six 250-watt 
lamps are _ installed, 
spaced at 20 yard 
intervals. 
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The Use of High Pressure Mercury 
Discharge Lamps in Industrial Lighting 


By R. O. ACKERLEY, 


Illuminating Engineering Dept., of The General Electric Co., Ltd. 


HEN the “Osira’’ high 

\ \ pressure mercury lamp was 
first put on the market, 

public attention was directed far 
more to its possibilities for street 
lighting than to other potential 
applications. It was felt that 
certain characteristics of the light, 
which caused no disability at the 
low levels of illumination normally 
used for street lighting of even 
the highest standard, might prove 
a bar to its successful employment 
in interior industrial lighting where 
far higher intensities would be 
required. For this reason it was 
desirable to proceed with caution 
until practical experiment had 
proved or disproved its suitability. 


What exactly these characteristics are which it 
was feared might give trouble, will be examined in 
more detail later in this article. Suffice it to say here 
that early experiments quickly showed that not only 
was there no reason for regarding the light as un- 
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The nature of the light emitted 
by the “‘Osira’’ high pressure 
mercury electric discharge lamp, 
the electrical characteristics of the 
lamp, and the problems involved in 
the design of fittings for the purpose 
of employing this form of light in 
industrial installations have been 
covered by articles in the G.E.C. 


| Journal, Vol. 4, No. 1, page 46 ; 


Vol. 4, No. 4, page 199; and 
Vol. 6, No. 3, page 127. The 


: present article deals with the 


actual application of ‘“Osira’’ 
light in industry and discusses 
its advantages and limitations as 
a practical illuminant in com- 


: parison with electric incandescent 


lamps. 
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suitable for industry, but that 
some of the very features regarded 
as disturbing were proving defin- 
itely advantageous. Encouraged 
by these early results more and 
more industries were successfully 
approached and experience has 
shown that in the majority of 
cases, the resultant lighting 
approaches the ideal illuminant 
for general lighting in industry. 


INDUSTRIAL LIGHTING 
REQUIREMENTS. 

The apparent advantages of 
this lighting for industrial purposes 
may be clearly stated, but as a 
preliminary to considering these 
apparent advantages it may be of 


interest to examine the lighting requirements of 
industry, to see how far the old forms of lighting met 
these requirements, and to study the essential differ- 
ences between this new lighting and the older forms 
of illumination. 





Fig. 1.—-Marking steel plates in a steelworks illuminated by ‘‘Osira’’ high pressure mercury 


discharge lamps. 


This form of lighting simplifies any operation involving the marking, or 
distinguishing of marks, on metal. 
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Briefly the requirements of industry can be 
summed up in the words “good visibility at the 
lowest possible cost,” but what constitutes good 
visibility takes longer to describe. Stated broadly, 
it means light of adequate intensity falling on the 
work at all requisite angles from horizontal to 
vertical, producing sufficiently even illumination to 
avoid the necessity of contraction and expansion of 
the pupil of the human eye as vision travels from 
one part of the workshop to another. It must also be 
glareless and of such a quality as to give the clearest 
possible definition on all objects. These conditions 
are obtained in practice by control of : 

(a) Intensity. 

(6) Light distribution as regards (1) Direction 
(2) Diffusion 
in conjunction with the natural quality of light. 
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Fig. 2.—‘‘Osira”’ lighting is particularly suitable 
for the illumination of foundries. 

The term “quality’’ includes any 
characteristic of the light source which 
might advantageously or otherwise affect 
the power of the human eye to see objects 
of one nature or another when illuminated 
by it. The most familiar way in which 
light quality has been controlled in the 
past has been by varying its colour by 
means of absorbent media, but when the 
character of “Osira’’ light is examined it 
will be seen there are other respects in 
which it is different as regards the reactions 
it evokes from the human eye. 

How far the light sources previously 
available have lent themselves to these 
requirements may now be examined. In 
practice the examination can be confined to 
incandescent electric lighting because its 
high efficiency and simplicity of control 
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both optically and mechanically have made it the 
almost universal light source wherever “lowest 
possible cost’’ is a qualification to the demand 
for “‘good visibility.”’ 

Modern electric incandescent lighting allows 
considerable latitude as regards intensity in suitably 
graded units: it allows of good control of light 
distribution and its quality is that associated with 
any light emanating from an incandescent source 
in that the radiation is continuous over all wave 
lengths in the visible part of the spectrum. 

In the case of “Osira’”’ light, it has been shown 
in previous articles in the G.E.C. Journal that, as 
regards cost, the lamp is from 23 to 3 times as 
efficient as a tungsten lamp of a corresponding 
wattage. At this stage, the question of cost need 
not be considered further, but typical comparisons 
will be given later indicating the 
economic advantages of this form 
of lighting. 

As regards intensity, the fact 
that in the early stages only the very 
powerful 400 watt “‘Osira’’ lamp was 
available, limited the field to some 
extent, as such a lamp could only be 
employed where adequate headroom 
“4 existed. The advent of the 250 
: watt lamp however greatly improved 
this position so that to-day there are 
relatively few modern factories where 
insufficient headroom exists for this 
form of lighting. 

As regards light distribution, it was 
shown in the G.E.C. Journal (Vol. VI. 
No. 3) that satisfactory reflectors have 
been designed to give a distribution 


y > » " - ‘ 
~ me” ee . % ° 





t , mn . * J ~ ao & ‘ 
* be . ~ §- ens . 7 aa 
, be i aes ee - 


Fig. 3.—-The deepest sand moulds can be inspected more easily with 
this method of lighting than with any other form of illumination. 
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of light similar to those most commonly called for in 
incandescent lamp systems and of a type generally 
agreed to be most suitable for industry, but it also 
indicated that the lamp, due to the shape of the 
light source, lent itself to wider spacing than the 
corresponding incandescent lamp 
without sacrificing cut-off or evenness 
of illumination. This potential wider 
spacing is clearly an advantage from 
the economic point of view in that 
for a given available mounting height 
reflectors may be spaced further 
apart and therefore a smaller number 
would be required; but it is more 
than probable that, provided evenness 
of illumination is not sacrificed, wider 
spacing offers a definite advantage 
from the lighting point of view in 
that it means higher intensity on the 
vertical plane, i.e, on the side 
of the work. The importance of 
illumination on the vertical plane 
seems to have been overlooked. 
This is due to two main causes: first, 
wide distribution cannot be obtained 
with electric incandescent lamps and 
vitreous enamel reflectors without 
some disability in other directions ; 
secondly, the custom which has grown of appraising 
lighting installations by reference to the foot candle 
illumination on a horizontal working plane. A 
moment's reflection will show that in many of the 
processes of industry the operative is looking at the 
side of his work rather than at the top, and recent 
experiments in the textile industry for instance, 





Fig. 5.—-Mercury discharge lamp lighting in an automatic machine shop. 





have emphasised still further the importance of 
this light component on to the vertical plane. From 
this point of view therefore ‘“Osira’’ lamps may be 
considered to have advantages over electric incan- 
descent lamps. 
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Fig. 4..-Another example of a foundry illuminated by high pressure 


mercury discharge lamps. 
THE QUALITY OF “OSIRA”’ LIGHT. 


Lastly, the question of light quality must be 
considered. The spectral difference between light 
from electric discharge lamps and that from incan- 
descent lamps has also been previously referred to 
in this Journal.* Briefly, while the light from 
incandescent lamps is radiated over the whole visible 
portion of the spectrum, that 
from the new lamps is limited to 
certain specified wave lengths. 
This gives ita blue-green appear- 
ance and certain other characteris- 
tics when considered in relation to 
its reactions on the human eye. 

Consider first the blue-green 
appearance. which is due to the 
almost complete absence of any 
red rays and the presence of 
strong green, yellow and blue 
components. The colour of incan- 
descent light has been accepted 
as good for industry as a whole, 
rather through lack of any evidence 
to the contrary than from any 
definite evidence in favour. Altera- 
tion in colour of incandescent 
light means extra capital cost and 
loss of efficiency and therefore 
industrialists have accepted the 


a 


 ©G.E.C. Journal, Vol. IV., No. 1, p. 46. 
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colours sharply at the same instant. Owing to 
radiation from the lamp being mainly in the 
yellow and green regions of the spectrum and to 
the absence of red rays, the task imposed on the 
eye in this respect is reduced, and vision is corres- 
pondingly improved. Secondly, it reduces the 
disability due to diffraction, i.e, the breaking up 
into their colour components of rays of light striking 
a sudden change of surface in an object such as a 
pit, a crack or a scratch. 

Theoretically, monochromatic light should be 
ideal from both these points of view, but in so far 
as we are largely dependent on colour contrast for 


















Fig. 6.—In the inspection of 
finished material, any imper- 
fection is emphasised. 

light as it stood except where 

special conditions made it 

essential that light of a different 
colour should be used. There 
were, however, quite sufficient 
instances where colour alteration 
was essential, with the result 

that there has always been a 

demand, even at the higher cost, eases 

for the so-called daylight blue ox ay 

lamps, blue glass diffusing screens — 2 

and low pressure mercury lighting, 2 

forms of lighting which did not s | cy aa ee 

purport to give an actual daylight a | eo Caw Gas licen * Bee 

effect, but did definitely increase | al . . 

the proportion of light at the 

blue end of the spect es ee 

pectrum aS construction carried 
compared with that at the red. out under mercury 

There is every reason t itt eatin 

y on to suppose 

that many more industrialists 

might have preferred a bluish light if they could 

have obtained it without extra cost, and the success 

of high pressure mercury lighting seems to indicate 

that such was the case. What exactly is the secret 

of the advantage of the blue green light from a 

visual point of view is still a little obscure but it may 

lie partly in the capacity of objects to reflect light of 
their own colour best. By reflecting light is meant 
that power of diffuse reflection which makes objects 
visible to us and not any form of specular or 
mirror reflection. 

How far this explains the phenomenon it is hard 

to say, but there seems no doubt that the blue green 

light is an advantage in the great majority of cases. 
The other characteristic referred to as affecting 

the reaction of the human eye when viewing objects 
illuminated by “Osira’’ light is the limitation to cer- 
tain wavelengths of the light radiated. This tends to 





affect visibility in several ways. Firstly, it reduces Fig. 8._-The quality of mercury discharge 
h ff k h ; ' ; light simplifies the reading of fine 
the effect known as chromatic aberration, i.e., the measurements. 


relative inability of the eye to focus a wide range of 
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our power of seeing, the gain from the reduction in 
the number of wavelengths would be more than 
offset by the loss in colour contrast. The “Osira”’ light 
is a happy compromise between the two requirements, 
showing all colours except red to advan- 
tage yet limiting the radiations to a few 
strong lines. 


THE ADVANTAGES OF “OSIRA” LIGHT. 

The effect of these qualities is that, 
physiologically, vision is speeded up and the 
task of focussing the eye on the object is 


made easier. In practice it is found 
that with this form of lighting, almost all 


THE LIMITATIONS OF “OSIRA”’ LIGHTING. 


What then are the limitations of “‘Osira”’ lighting? 
In referring to the colour of the light it should be 
clearly understood that advantage is claimed for it 





objects are far more clearly seen, simplifying 
the carrying out of industrial operations 
whether on the largest or the smallest scale. 
In foundries, owing to the power of the 
sand to reflect it to advantage, the general 
lighting penetrates to the bottom of sand 
moulds which before were adequately 
lit only by the use of portable lamps. In 
engineering works where operations are 
carried out on the inside of big cylinders, 


castings, etc., the light is reflected off the Fig. 10. 


Surrounding metal giving excellent visibility. 

In fine work the inspection of metal, glass, etc., 
for the most minute flaws is made easier than 
ever before—cracks scratches, pits in metal, 
flats on turned pinions and the like show up under 
“Qsira’”’ light so clearly that in many instances, 
inspection is simpler and more sure by artificial 
light than by natural daylight. Similarly, in manu- 
facturing operations the point of a tool or the line 
of a scribe mark can be watched more clearly than 
ever before. 





Fig. 9..-The high intensity of mercury discharge lamps renders them ideal 
for installation in lofty bays. 





Many transport undertakings have adopted ‘‘Osira’’ lighting. 


only as a source of general lighting where colour 
perception in the red end of the spectrum is not 
required. Clearly if colour perception is of prime 
importance the light is unsuitable. Some attempt 
has been made to increase the red light component 
but so far it has only been possible to give 
improvement in red content at the expense of 
considerable loss in overall efficiency and even then 
the extra percentage of red has been so small that 
in 99 cases out of 100 there would be no advantage 
from it. The hundredth case might 
be an operation where, for instance, 
the handling of coloured flexes was 
involved with the necessity of 
distinguishing surely between, say, 
a red and a brown flex. Under the 
corrected light a distinction might 
be possible where under the uncor- 
rected light the colours might appear 
the same. Experiments have also 
been made by combining electric 
discharge lamps with tungsten 
lamps. Under certain circumstances 
this may be done to advantage, 
as for instance, for certain photo- 
graphic processes. Generally speak- 
ing, however, the gain in colour 
by the addition of the tungsten 
lamps is not worth the loss in 
efficiency and acuity of vision. That 
every effort will be made by the 
inventors to improve the colour of 
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the light is obvious, but in the meantime indus- 
trialists will find on investigation that there are very 
few processes of manufacture where colour perception 
in the red end of the spectrum is of any importance, 





Fig. 11. 





Fig. 12.—Flaws in glass are easily detected under 
high pressure mercury light. 


and where true colour matching is required it is 
almost always carried out in a special section of 
the factory and under special lighting. In the 
factory as a whole, any question of colour will 
have been settled long before the material reaches 
the operative. 


‘“Osira’’ lighting in a wood-working factory. 
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One other disability must be mentioned, although 
experience has proved it not to be nearly so serious 
aS was at one time feared. This is the stroboscopic 
effect which takes the form of an apparent flicker 
due to the fact that the light goes 
completely out every half cycle. 
With the incandescent lamp this 
effect is present, but is_ only 
noticeable on relatively low perio- 
dicities as the incandescent filament 
does not have time to cool down 
appreciably between cycles. With 
the electric discharge lamp there is 
no such filament and the visual 
effect is that moving objects may 
appear to “dither,” particularly if 
seen out of the corner of the eye. 
When applied to a rotating wheel, 
this “‘dither’’ may take the form of 
an apparent slowing down of the 
speed of rotation before such 
slowing down has really taken place, 
but in practice it has been found 
that there is no need for alarm on 
this account. The appearance of 
slow moving objects is not affected, while if any 
flicker is noticeable on faster machinery it may be 
almost entirely eliminated by wiring adjacent 
fittings on separate phases. By this means the 
periods of illumination of separate fittings overlap, 
ensuring a more constant illumination without 
noticeable flicker. 


PSYCHOLOGICAL EFFECT. 


Questions are sometimes asked as to whether 
high pressure mercury lighting has any bad effect 
on the eyes or health. Available evidence is definitely 
to the contrary. From a physical standpoint there 
is no ultra-violet light present of a wave length which 
will affect the eyes, while, psychologically, the 
effect in comparison with tungsten lighting is all in 
favour of the high pressure mercury. In spite of 
the blueness which might be expected to produce a 
cold effect, the light is definitely cheerful, and 
operatives quickly settle down to appreciate its 
advantages and would not change back to tungsten 
lighting if the choice were offered. 


EQUIPMENT. 


Before dealing with the question of costs, it may 
be well to say a few words as to the components of 
a high pressure mercury lighting installation. The 
essentials are reflector, lamp, choke, condenser and 
fuses. 

As regards reflectors, while “‘Osira’’ lamps can be 
substituted in existing reflectors for high power 
tungsten lamps and show some definite gain, in order 
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to obtain the full benefit of high efficiency, even 
illumination and correct cut-off, the reflectors 
designed specially for use with them and described 
in the last issue of this Journal should always be em- 
ployed. The function and electrical 
characteristics of the lamp, choke 
and condenser have also been 
previously described, but in the 
case of condensers, industrial condi- 
tions are not quite on a par with 
street lighting conditions, in that it 
is not necessary to have a separate 
unit for each lamp. In _ some 
factories central power factor cor- 
rection may be installed and in 
such cases local condensers will be 
unnecessary, but even where local 
correction is employed single larger 
capacity units may give correction 
for a number of points. It is 
unwise, however, to have too big 
units as this would mean that if 
it were at any time desired to operate 
a few units only, there would be 
over-correction with a leading in- 
stead of lagging power factor. A 
useful size of condenser for indus- 
trial use is one of 80 mfd. controlling four 400 
watt points or five 250 watt points. 

While the use of fuses is optional, it is strongly 
recommended that each unit be fused separately to 
localise troubles in view of the time taken 


to re-strike when a lamp is_ switched 
off and then on again. 


THE ECONOMICS OF “OSIRA”’ LIGHTING. 


The question of comparative cost remains 
to be discussed. Naturally the comparison 
varies with conditions as to current cost, 
burning hours, etc., and no hard and fast 
comparison is possible, but even at the 
most favourable rates for current the 
capital cost of an “Osira’’ installation is 
soon saved, while the advantage remains of 
improved quality of light at lower cost. 
It must be remembered that where 
specially low flat rates for current are in 
force, they are almost invariably accom- 
panied by a kVA charge; and as it may 
be assumed in the majority of instances 
the peak demand will occur at a time 
when both lights and machinery are 
using current, a saving in kVA charge will result. 

The accompanying tables give the savings per 
400 watt “Osira’’ point at various rates for current 
and annual burning hours, and a fixed charge of £6 
per annum per kVA of maximum demand. As the 


price for current increases the savings shown 
increase at an even faster rate. Taking the 


excess capital cost of such an installation over 
a tungsten lamp installation at £4 per point, 





Fig. 13.—-In this steelworks the mercury discharge lighting is automatically 


switched on by photoelectric cells. 


it will be seen that in many cases a return on capital 
of 100 per cent per annum is obtained. 

Taking all facts into consideration, it would 
appear that the invention of the mercury discharge 





Fig. 14.—‘‘Osira”’ lighting has many applications 
in the textile industry. 


lamp has put into the hands of industrialists a 
method of factory lighting which has great practical 
and economic advantages. Any form of illuminant 
which either reduces running costs or improves 
lighting conditions is worthy of serious consideration. 
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TABLE I. 


Economic relation between an ‘‘Osira’’ and a Tungsten installation 
for various charges per unit of electricity and for various burning 
hours per annum, on basis of one 500 watt Tungsten point and one 
250 watt ‘‘Osira’’ point. 


500 watt Tungsten v. 250 watt ‘‘Osira.’’ 





| 
| 
Burning hours Price per 
per annum. | unit. 


| Saving in running 
KVA charge. | costs per annum 
| with ‘“Osira.’’ 


4 
1000 hours id. charge 
2000 __—s=é~=“ 4d. " 
os 

1000 

2000 

3000 

1000 

2000 

3000 

1000__—=SC#=»“; : 

2000 - 2d. 

3000 __sé=“»"» 2d. 
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Fig. 16.—Quick discrimination 
is obtained in coal and ore 
picking. 


It should be noted that the initial lumen output of a 250 watt ‘“‘Osira’’ lamp is 12}% higher than that of a 500 watt tungsten lamp. 
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TABLE 2. 


Economic relation between an ‘‘Osira’’ and a Tungsten installation 
for various charges per unit of electricity and for various burning 
hours per annum, on basis of one 1000 watt Tungsten point and one 
400 watt ‘* Osira’’ point. 


1000 watt Tungsten v. 400 watt ‘‘Osira.’’ 





| Saving in running 
costs per annum 
with ‘‘Osira.’’ 


Burning hours | Price per KVA charge. 


per annum. | unit. 


| 
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1000 a id. 
2000 __s=é“~“=»”»= $d. 
3000 = fd. 
1000 - ld. 
2000 * ld. 
3000 a | 1d. 
1000 Be 2d. 
2000 es 2d. 
3000 - 2d. 


— ~ 


oOooo°0o°cooe°o°o | | 
OOW LUM — WO 


DD HDD DH HH He, 


od 
- 


NOrONUN DLL lh 
OnNOWwWUNnN 


“ 
_ 

—_— 
— oe 











Fig. 15 (left).—For the illumination 

of works sidings and yards, mercury 

discharge lighting is particularly 
suitable. 
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“It’s what its name implies, gentle- 
men. My hands don't haveto wander 
more than 15” one way and 23” the 
other, to make the Asquith O.D. do 
everything | want.’’ 


“This product, gentlemen, has 
brains! Never did | know a machine 
tool answer the helm so easily and 
willingly. ‘More per hour’ is its 
watchword—and it’s easy for me. 
A Radial Drill the likes of which | 
never before dreamed of—and that’s 
from an operator with over 30 years’ 
experience! ”’ 


BUY AN ASQUITH 





















Self-engaging spindle feed. 


Single switch for driving 
and elevating motors. 


Patent combined lock. 


Electrical Reverse’ elim- 
inating clutches. 


Twelve speeds. 
Four feeds, and 


ONCE MORE 
THE 


“15 x 23’’ Control. 


WILLIAM ASQUITH, LIMITED 


WELL ROAD WORKS, HALIFAX 
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‘As.c.result: of the 


— , cele _ | successful operati 
Both in Great Britain and abroad G.E.C. Ce operation 
Radio Relay equipment is providing excellent F © of the Freetown 
reception of broadcast programmes for whole - . equipment The GEC. 


communities. | 
has been entrusted 


In tropical countries especially where reception “i | | a 
conditions are often difficult, consistently , with the provision 
good reception is afforded by means of this r of an even larger 


installation for Accra. 


equipment. 


Subscribers are thus assured of the best 
possible radio service. 
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¥ £ 
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Complete radio relay equipment at Freetown, Sierra Leone, comprising two short 
wave receivers and two power output panels together with control apparatus. 
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The G.E.C. has been entrusted with contracts for the 
electric propulsion machinery and auxiliary electrical 
equipment for many of the most important and inter- 
esting vessels launched in recent years, including ships 
destined for every class of service. 


Luxury liners such as the ‘QUEEN OF BER- 
MUDA” and “MONARCH OF BERMUDA.”’ 


Cargo vessels such as the “CEMENTKARRIER, ’’ 
first electrical self-discharging vessel laid down 
in this country. 


a , 7 
—_ “ACKLAM CROSS,’’—first British 
a ae Diesel-electric tug. 


“LOCHNEVIS’’—latest example of a 
Diesel-electric twin screw passenger 
vessel. 


‘QUEEN OF BERMUDA’’—One of the two 
20,000 tons luxury liners containing the most 
comprehensive range of electrical equipment 
afloat. 
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BABCOCK Class One 
FUSION WELDING 








The illustration shows the Babcock Fusion Welding Shop at our Renfrew Works. 


THE ONLY ADEQUATELY 
PROVED METHOD - OF 
WELDING FABRICATION. 


In virtually all types of pressure vessels, safety 
is a factor of paramount importance. The 
damage to life and property and the loss of 
production that may result from a single failure 
will justify, many times over, the relatively small 
additional cost of the best welding obtainable. 
The only class of welded fabrication applicable to 
pressure vessels whether for steam or dangerous 
chemicals, and which provides proof of safety in 
advance of use, is Babcock Class One Fusion Welding. 


SOME OF THE EXCLUSIVE FEATURES AND POINTS 
OF SUPERIORITY OF THIS TYPE OF WELDING ARE: 


All longitudinal joints and all circular joints must 
be subjected to X-ray examination to prove the 
soundness of the weld. This requirement is 
imperative in Babcock Class One Fusion Welding. 


All pressure vessels are stress relieved after 
welding. This eliminates the tendency toward 
weakness and brittleness in welds not so treated, 
and removes the danger of localized corrosion. 
The vessel thus goes into service without 
inherent stress. 


The bend test specified is the most rigid — 
not less than 30° elongation of outside fibres 
as compared with 20% for standard specifications. 


The tensile strength of the joint as shown 
by test must be not less than 100% of that 
of the plate. 


The elongation of the weld metal itself must be 
not less than 20°, in 2 inches. 


The specific gravity must be not less than 7-80, 
assuring the practical absence of porosity. Other 


types of welding do not require a density 
determination. 


Qualification tests of welders are made continuously 
during production through test plates. 


All the foregoing tests for Babcock Class One 
Fusion Welded Vessels may be observed by a 
duly authorized Inspector. 


Babcock Class One Fusion Welding is the one type 
of welding approved by us for the construction 
of pressure vessels of all sizes, and for all pressures 
and temperatures within practical limits. 


Ask for our catalogues :— 


No. 1095A.—Babcock Fusion Welding. 


No. 1145. — The Development of Welding as applied 
to Boiler Drums and Steam Receivers. 


BABCOCK CLASS ONE WELDING GIVES hatetevidagah 


PROTECTION AGAINST COSTLY FAILURE. 
& WILCOX LTD. 


BABCOCK HOUSE, FARRINGDON ST., LONDON, €E.C.4. 
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COLVILLES “ MARTINEL ”—High Elastic Limit Steel—Ensuring a large saving in weight, 


reduced displacement and increased cargo capacity. (Manufactured to the order 
of the Martinel Steel Co. Ltd., under Registered Trade Mark No. 508904.) 


COLVILLES “ DUCOL ”—Uniformly reliable High Tensile Steel, possessing, in addition, 
ductility surpassing that of ordinary commercial Mild Steel. Its use permits of 
improved Weight-Saving economies. 


COLVILLES “DALZO”’—Rust Resisting Steel—A Steel possessing greatly improved 


powers of resisting corrosion. 


COLVILLES “ COLMO ”—High Limiting Creep Stress Steel—possessing a Creep Stress, 


tested at the rate of 10°” per inch per hour, of from two to three times that of a 
.17°% Carbon Steel. 


COLVILLES “PYRO 68 ”—Heat-Resisting Steel—When exposed to temperatures of 
1300° Fahrenheit (700° C.) the weight of scale which forms on the surface is 
only one-twelfth that of Mild Steel. 


————— 
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Lumsden 4-wheel Tool Grinders in our Ardoloy Tool Tipping Department. 


FOR GRINDING HIGH-SPEED CUTTING ALLOYS 


RDOLOY and other high-speed cutting alloys can be ground successfully 
on Lumsden Motor-driven Double Cup-wheel Grinders equipped with 
special Norton Wheels. 


An ideal cutting edge is quickly produced and there is no danger of chipping 
the tool tip. 


Two types of machine are available : 
A four-wheel machine for large outputs of tools 


and a two-wheel machine for the smaller shop. 
The advantages of Ardoloy used on modern Turret Lathes may be investigated 


in our works at Coventry. We can give reliable advice on its application, care 
and maintenance, to obtain the most economical results. 


PROMPT DELIVERY CATALOGUES ON REQUEST 


ALFRED HERBERT LTD. COVENTRY 
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HOME OVERSEAS BRANCHES WORKS 
‘ i 
BRANCHES AUSTRALIA : Engineering Works s ‘ 
| BRITISH GENERAL ELECTRIC CO., LTD., Witton, Birmingham * 
ABERDEEN Magnet House, 104/114, Clarence Street, SYDNEY (N.S.W.). Switchgear Works 1 
Magnet House, 388/390, Pourke Street West. ME L Bou RNE Witton. Birmingham 
BELFAST | (Victoria). Transformer Works 
| 370 to 372, Murray Street, PERTH (Western Australia) Witton, Birmingham 
with Agencies in BRISBANE (Queensland), HOBART (Tas- 
een mania), ADELAIDE (S. Australia), and in the Fiji, Navigatioi alg so lara 
BLACKBURN and Friendly Islands, eatin Works 
BRITISH GENERAL ELECTRIC CO, LTD ee | 
—— 31-37, Taranaki Street, WELLINGTON. —y-venelg ace ete | 
Hannaford Building (P.O. Box No. 70), CHRISTCHURCH. : ae . = 
BRIGHTON Brunswick Buildings, High Street (P.O. Box No. 1794), Battery Works 
AUCKLAND. Witton, Birmingham 
BRISTOL | SOUTH AFRICA: © Steel Conduit Works 
THE BRITISH GENERAL ELECTRIC CO., LTD., Witton, Birmingham 
CARDIFF Corner of Loveday and Anderson Streets (P.O. Box No, 2406), Fan Works 
JOHANNESBURG, Witton, Birmingham 
CORK ee eee Burg & Riebeek Streets (P.O. Box 1327) Moulded Insulation 
vd . N. Works 
CROYDON | 29, Queen Street (P.O. Box No. 42), PORT ELIZABETH. Witton, Birmingham 
Magnet House, 56 and 58, Field Street, DURBAN Telephone Works e 
DUBLIN | with Agency in EAST LONDON (Cape Proviuce). Coventry 
| RHODESIA : | Wireless Apparatus 
DUNDEE | Agencies in SALISBURY and BULAWAYO. Works 
CANADA: no ig | 
EDINBURGH FRASER & CHALMERS OF CANADA, LTD., alve Works 
Crescent Building, 1411, Crescent Street, MON TREAL, reactance al 4 
nstrumen orks i 
Ao | ARGENTINA : Silk Street, Salford 
| ANGLO-ARGENTINE GENERAL ELECTRIC CO., LTD., Lem Waste 
GLOUCESTER 1475/1483, Rivadavia (Plaza del Congreso), BUENOS AIRES. Hammersmith. Loudon : 
. INDIA : and Wembley, Middlesex : 
HULL | THE GENERAL ELECTRIC CO. (INDIA), LTD., Accessories Works | 
, Magnet House, Central Avenne (P.O. Box 2329), CALCUTTA. Union Works, 
INVERNESS Magnet House, Mount Road (P.O. Box No. 351), MADRAS. Wembley, Middlesex a 
Kaiser-i-Hind Building, Ballard Estate, BOMBAY. 1 ‘4 
IPSWICH | 30, The Mall, LAHORE, eh : 4 
The Mall, CAWN PORE. and Wembley a 
LEEDS | Magnet House, 5, South Parade, BANGALORE, M : - 
Main Road, TRIVANDRUM. ~ omer oncom | @ 
McLeod Road (P.O. Box 255) KARACHI. Si : 
a Magnet House, Avanashi Road, COIMBATORE. a Works 
Imperial Bank Buildings, Chandi Chowk, DELHI. “rit } 
LIVERPOOL Conveying and Mining 
MANCHESTER THE GENERAL ELECTRIC CO. (INDIA), LTD., Erith ; : 
57, Lewis Street, RANGOON. Cable an a 23 
MIDDLESBROUGH MALAYA : Southampton and : 3 
THE GENERAL ELECTRIC CO., LTD., Eastleigh “ | 
NEWCASTLE-ON- | Magnet House, 12, Battery Road, SING APORE (P.O. Box Ko. Heating and Cooking 2 ; 
TYNE 203), Straits Settlements. Apparatus Works “ 
Magnet House, 4, Market Street, KUALA LUMPUR (P.O. Box Magnet Works. Landor A 
NOTTINGHAM No. 256), Federated Malay States. Shenet. issainaiennn 4 
| CHINA, MANCHURIA, AND KOREA: Electric Light Fittings 3 
PLYMOUTH | THE GENERAL ELECTRIC CO. OF CHINA, LTD., Works S 8 4 : 
| Box No. 503, C.P.0. SHANGHAI. Magnet Works, Landor 4 : 
SHEFFIELD G.P.O. Box No. 15, Queen’s Building, HONG KONG. Street, Birmingham * 9 
Hong Kong and Shanghai Bank Building, ECHIGO-CHO, ; “a a 
SOUTHAMPTON | DAIREN, South Manchuria. Household Electric 
7 j Hg a nagy dient idinaiiatiees Appliance Works - 
| With Agencies in HANKOW and TIENTSIN, Magnet Works, Landor es ol 
STOKE-ON-TRENT | EUROPE : Street, Birmingham : a 
; GENERAL ELECTRIC DE FRANCE, LTD., 10/12, Rue Rodier, | Research Laboratories > 
SWANSEA | PARIS. Wembley, Middlesex ae? ; 
AGENCIES IN ALL THE PRINCIPAL TOWNS THROUGHOUT THE WORLD : 


Head Office:-MAGNET HOUSE, ! 
Telephone: TEMPLE BAR 8000 (70 lines) 
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A thoroughly comprehensive scheme of con- 
version to electrical power at Ryhope Colliery, 
naa | Co. Durham, furnishes yet another example 
| | og yt SS ee of the ability of the G.E.C. to undertake 
Wi We COMPLETE ELECTRIFICATION 
a? tA, | ) Fa . SCHEMES OF ANY MAGNITUDE 

oat a Throughout this colliery from coal face to 

pithead G.E.C. electrical plant and equip- 


~ ment facilitates coal-getting in a most 
es, Poe economical manner. 


900 h.p. G.E.C.-Fraser & Chalmers 
geared A.C. electric winder 


























G.E.C. plant and equipment supplied 
for this undertaking includes :— 


Underground haulage driven by 
100 h.p. WITTON 3-phase motor 


GE THREE 
* ELECTRIC WINDING ENGINES 





100 ELECTRIC MOTORS 
Total capacity 8,000 h.p. 


MAIN AND AUXILIARY 
SWITCHGEAR 


a 
~ 
ani 
— 
" ~~ 
< —™ 


FLAMEPROOF SWITCHGEAR 


View at the coal face. G.E.C. gate 
end boxes in the Harvey Seam 


TRANSFORMERS 


PIRELLI-GENERAL 
WIRES AND CABLES 


* RHINO ” TRAILING CABLES 
Etc., Etc. 


COAL FACE 





MADE IN 
ENGLAND 


THE GENERAL ELECTRIC CO. LTD. 


Magnet House, Kingsway, London, W.C.2 
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A HERBERT AUTO-LATHE FOR LARGE WORK 


Large motor end shields, pulleys, gear blanks and work of irregular shape can be machined 
most economically on the Herbert No. 50 Auto Lathe, if batches are large enough for 
a two-days run or longer. 


Labour costs are low. All operations except loading and removing the work are automatic 
so that one operator can look after a number of machines. 


If fitted with a Herbert Air Chuck, idle time is reduced to the minimum and the operator is 
relieved of all strain. 


We will gladly give guaranteed production times on receipt of drawings or samples of 
work to be done. 


Swing over bed . . 33 in. 
Swing over cross slides _ - , 28 in. 
Working stroke of turret - ‘ 13 in. 


IMMEDIATE DELIVERY 


Herbert Auto-Lathes are also made in the following sizes :— 


Junior. No. 3. No. 3A. No. 4. No. 5. No. 50. 
Swing :— 6 in. 7 in. 9 in. 164 in. 184 in. 33 in. 








ALFRED HERBERT LTD. COVENTRY 
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L WASHING PLAN 


CHANCE PATENT SAND FLOTATION PROCESS 





FRASER ¢ CHALMERS = : 


| LATION ad q RE de gp S a E RY . . 





This new washery has a normal capacity of 150 tons of 
raw coal per hour, but is capable of dealing with overloads 
up to I90 tons per hour, size of feed 6” toO”’. The 
coal after washing is screened and graded into six different 
sizes, and loaded into separate trucks by boom loaders. 


The complete washery with screens, conveyors and the 
building was supplied and erected by Fraser & Chalmers 
Engineering Works, all electrical equipment having been 
manufactured at Witton Works. 
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OSIRA 


REGCD TRADE MARK 


LAMPS 


MIADE IN ENGLAND BY THE G.E.C. 
for 


INDUSTRIAL 
LIGHTING 


A section of the foundry at Ley’s Malleable Castings Ltd., Derby, illuminated by ‘‘OSIRA’’ Lamps 
and G.E.C. dispersive reflectors. 


For many industrial purposes, particularly those associated with the handling 
and inspection of metals, the bluish-white light from “OSIRA” Lamps has 
proved far superior to that of the ordinary incandescent Electric Lamp 
apart from the increased efficiency. The “OSIRA” Lamp gives initially 


24 times as much light as a Tungsten filament lamp using the same 
amount of current. 
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“It’s what its name implies, gentle- 
men. My hands don’t haveto wander 
more than 15” one way and 23” the 
other, to make the Asquith O.D. do 
everything | want.’ 


“This product, gentlemen, has 
brains! Never did | know a machine 
tool answer the helm so easily and 
willingly. ‘More per hour’ is its 
watchword—and it’s easy for me. 
A Radial Drill the likes of which | 
never before dreamed of—and that’s 
from an operator with over 30 years’ 
experience!”’ 


BUY AN ASQUITH 


Vill. 



















Self-engaging spindle feed. 


Single switch for driving 
and elevating motors. 


Patent combined lock. 


Electrical Reverse’ elim- 
inating clutches. 


Twelve speeds. 
Four feeds, and 
ONCE MORE 
THE 


“15x 23’’ Control. 


WILLIAM ASQUITH, LIMITED 


WELL ROAD WORKS, HALIFAX 
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SWANSEA 


AGENCIES IN 


MANUFACTURERS AND SUPPLIERS 


OF EVERYTHING ELECTRICAL 


OVERSEAS BRANCHES 


AUSTRALIA : 
BRITISH GENERAL ELECTRIC CO., LTD., 
Magnet House, 104/114, Clarence Street, SYDNEY (N.S.W.). 
Magnet House, 388/390, Bourke Street West, MELBOURNE 
(Victoria). 
370 to 372, Murray Street, PERTH (Western Australia) 
with Agencies in BRISBANE (Queensland), HOBART (Tas- 


mania), ADELAIDE (S. Australia), and in the Fiji, Navigation 


and Friendly Islands, 


NEW ZEALAND : 
BRITISH GENERAL ELECTRIC CO., LTD., 
31-37, Taranaki Street, WELLINGTON. 
Hannaford Building (P.O. Box No. 70), CHRISTCHURCH. 
Brunswick Buildings, High Street (P.O. Box No. 1794), 
AUCKLAND, 
SOUTH AFRICA: 
THE BRITISH GENERAL ELECTRIC CO., LTD., 


Corner of Loveday and Anderson Streets (P.O. Box No. 2406), 


JOHANNESBURG, 
Corner of Lower Burg & Riebeek Streets (P.O. Box 1327) 
CAPETOWN. 
29, Queen Street (P.O. Box No. 42), PORT ELIZABETH. 
Magnet House, 56 and 58, Field Street, DURBAN 
with Agency in EAST LONDON (Cape Province). 


RHODESIA : 
Agencies in SALISBURY and BULAWAYO. 


CANADA : 
FRASER & CHALMERS OF CANADA, LTD., 
Crescent Building, 1411, Crescent Street, MONTREAL, 


ARGENTINA : 
ANGLO-ARGENTINE GENERAL ELECTRIC CO., LTD., 
1475/1483, Rivadavia (Plaza del Congreso), BUENOS AIRES. 


INDIA: 

THE GENERAL ELECTRIC CO. (INDIA), LTD., 
Magnet House, Central Avenue (P.O. Box 2329), CALCUTTA. 
Magnet House, Mount Road (P.O. Box No. 351), MADRAS. 
Kaiser-i-Hind Building, Ballard Estate, BOMBAY. 

30, The Mall, LAHORE, 

The Mall, CAWN PORE. 

Magnet House, 5, South Parade, BANGALORE, 
Main Road, TRIVANDRUM. 

McLeod Road (P.O. Box 255) KARACHI. 
Magnet House, Avanashi Road, COIMBATORE. 
Imperial Bank Buildings, Chandi Chowk, DELHI. 


BURMAH : 
THE GENERAL ELECTRIC CO. (INDIA), LTD 
57, Lewis Street, RANGOON. 


MALAYA : 
THE GENERAL ELECTRIC CO., LTD., 
Magnet House, 12, Battery Road, SINGAPORE (P.O. Box No. 
203), Straits Settlements. 
Magnet House, 4, Market Street, KUALA LUMPUR (P.O. Box 
No. 256), Federated Malay States. 


CHINA, MANCHURIA, AND KOREA : 
THE GENERAL ELECTRIC CO. OF CHINA, LTD.,, 
Box No. 503, C.P.0. SHANGHAI. 
G.P.O. Box No. 15, Queen’s Building, HONG KONG. 
Hong Kong and Shanghai Bank Building, ECHIGO-CHO, 
DAIREN, South Manchuria. 
With Agencies in HANKOW and TIENTSIN, 
EUROPE : 
GENERAL ELECTRIC DE FRANCE, LTD., 10/12, Rue Rodier, 
PARIS. 
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WORKS 


Engineering Works 
Witton. Birmingham 
Switchgear Works 
Witton. Birmingham 
Transformer Works 
Witton, Birmingham 
High Tension Works 
Witton. Birmingham 
Carbon Works 
Witton, Birmingham 
Lamp Black Works 
Witton, Birmingham 
Battery Works 
Witton, Birmingham 
Steel Conduit Works 
Witton, Birmingham 
Fan Works 

Witton, Birmingham 
Moulded Insulation 
Works 

Witton, Birminghani 


Telephone Works 


| Coventry 
| Wireless Apparatus 


Works 

Coventry 

Valve Works 
Hammersmith, London 


| Instrument Works 


Silk Street, Salford 
Lamp Works 
Hammersmith, London 
and Wembley, Middlesex 


| Accessories Works 


Union Works, 

Wembley, Middlesex 

Glass Works a 
Lemington-on-Tyne Z 
and Wembley 
Meter Works 

Birmingham 

Steam-Turbine Works 

Erith 

Conveying and Mining 

Plant Works 

Erith 


| Cable Works 


Southampton and 

Eastleigh 

Heating and Cooking 

Apparatus Works 

Magnet Works, Landor 

Street, Birmingham 

Electric Light Fittings 

Works ‘£ 
Magnet Works, Landor 

Street, Birmingham 

Household Electric 

Appliance Works 

Magnet Works, Landor 

Street, Birminghain 4 
Research Laboratories 4 
Wembley, Middlesex * 


ALL THE PRINCIPAL TOWNS THROUGHOUT THE WORLD 


Head Office: MAGNET HOUSE, KINGSWAY. LONDON.W.C.2. 


lelephone: TEMPLE BAR 8000 (70 lines) 


Cablegrams : POLYPHASE LONDON. 


PRINTED IN ENGLAND. 


Telegrams: ELECTRICITY ,.WESTCENT, LONDON” 
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IN THIS ISSUE. 


THE DESIGN OF LIGHTING FITTINGS 
FOR ““OSIRA’™ LAMPS 


VOLTAGE REGULATION OF A. 
TRANSMISSION AND DISTRIBUTION 
SYSTEMS.—PART | 


PURBO-BLOWERS AND 
PTURBO-COMPRESSORS.---PART |] 


THE ARTIFICIAL LIGHTING OF 
PICTURE GALLERIES. 


GENERATION, DISTRIBUTION AND 
USE OF ELECTRICITY ON 
BOARD SHIP. PART U1. 


NOTES ON MODERN ELECTRICAL 
MEASURING INSTRUMENTS. 


Vol. VI. No. 3 
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‘Just as good on the small work as on the bigger holes. ‘| have never seen hole to hole time nearer to 
Its rapid control is indeed remarkable. Your O.D. ‘15-23’ vanishing point. The demonstration has been a 
| understand ?”’ revelation to me!”’ 

“Yes, every control is on the slide and within an area “We invite you to join the band of O.D. Users. 
of 15” x 23”. Undoubtedly one of the secrets of Over 500 of these machines are cutting costs all over 
success of the O.D. range.”’ the world. Why lag behind. ?”’ 


There is no other verdict... the Asquith O.D. is my final choice. 


Send for new catalogue R48, to 


WILLIAM ASQUITH LTD., HALIFAX 
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THE NORTH-EASTERN 
ELECTRIC SUPPLY CO. LTD., 


has always made the utmost use of the latest developments when 
designing new stations, and therefore it is natural that the Dunston 50 
Cycle Station which commenced operation in 1933 should possess a 
number of unique features. 





12 B. & W. Boilers are installed for a total maximum capacity of 

. . about 1,750,000 Ibs. of steam per hour at 625 Ibs. per square inch and 

82 B. & W. Boilers have been supplied 840° F. All these boilers are equipped with complete Bailey Furnaces, 

, : 8 of them being fired with B. & W. Style 28 Stokers and 4 being 

for the major stations of the North- pulverised fuel fired. Six of the boilers incorporate steam reheaters 
and all have superheaters, economisers and air heaters. 


Eastern Electric Supply Co. Ltd., giving 


The upper illustration shows the interior of the Bailey Furnace on one of 


a total normal capacity of nearly the pulverised fuel fired boilers, which is equipped with Calumet burners. 


The illustration on the left gives an impression of the station as seen 
4,000,000 ibs. of steam per hour. from the North bank of the River Tyne. 


Our Reprint No. 1173 of a technical paper article describing this 
installation will be sent on request. 


BABCOCK & WILCOX LTD. 34 FARRINGDON ST., LONDON, E.C.4 
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THE FIRST BRITISH 
MADE MERCURY 
ARC RECTIFIER 
INSTALLED ON | 
THE CONTINENT (je 
OF EUROPE 





G.E.C. Patent Insulating 
Seal for the 
Anodes. 





G.E.C. 1,200 kW mercury arc rectifier 
565/625 volts installed at Copenhagen 
in one of the municipal sub-stations. 


The highest possible efficiency 
is ensured by the G.E.C. 


Patent insulating seal which 


is perfectly vacuum tight. 


The G.E.C. patented seal consists of a number of thin mild steel cones, B, separately coated with a special 
vitreous enamel, C. After assembly of the cones and top and bottom members, A and D, the whole is 
fused up solid in an electrically heated oven. The result is a strong unit having a very high dielectric 
strength. It is perfectly vacuum-tight, and can be bolted down in the simplest possible way to the top 


plate of the rectifier, and this, together with an improved form of metal to metal joint, enables 
rubber and mercury seals to be eliminated. 
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Herbert No. 1 Self-contained 
Motor-driven Plain Milling 
Machines in our Testing 
Bay. 


HIS is the new Herbert No. 1 
Self - contained Motor’ driven 
Plain Milling Machine. 


It fills the demand for a high-class 
machine for milling large quantities of 
small parts at high rates of production. 


It has a roller-bearing spindle ensuring 
accuracy and rigidity; the final drive 
by belt eliminates vibration under cut. 


Can be supplied with alternative speed 
and feed ranges, one to deal success- 
fully with cast-iron and non-ferrous 
metals or a lower range for use when 
steel in addition to cast-iron is being 
machined. 


The machine is easy to install, easy to 
operate and will last for years under the 
most arduous production conditions. 


Supplied either with hand feeds of 
7” x 3)” x 7” or with electrical auto- 


matic longitudinal feed, capacity 
10”°«x 4" x7". 
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HAND FEED MACHINES CAN BE 


DELIVERED IMMEDIATELY. 
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An example of the many installations of 
G.E.C. - Fraser ©& Chalmers turbo plant 
where completely satisfactory service has 
influenced repeat orders. 


In addition to the two sets shown three " , 

further sets have been ordered for this peas apron. ae oe se 

power station, one of 12,500 kVA and showing two G.E.C.- Fraser & almers 

two of 20,000 kVA output 12,500 kVA, 3,000 r.p.m. turbo alternators. 
9 ° 
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IN THIS ISSUE. 


THE ELECTRIFICATION OF A NEW 
CONTINUOUS HOT ROLLED STRIP 
MILL 


THE DESIGN OF PRECISION 
COMMERCIAL PHOTOELECTRIC 
PHOTOMETERS 


PURBO-BLOWERS AND 
PURBO-COMPRESSORS.-PART IL. 


RECENT DEVELOPMENTS IN 
ELECTRIC THERMAL STORAGE 
COOKERS. 


ELECTRIC WINDER FOR THE 
CHAMPION REEF GOLD MINES OF 
INDIA. 


THE USE OF HIGH PRESSURE 
MERCURY DISCHARGE LAMPS IN 
INDUSTRIAL LIGHTING 
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THE LARGEST 
BRITISH 
ELECTRICAL 
MANUFACTURING 
OO NI NET@)) 
IN THE EMPIRE 


Branches and Agencies throughout 
the world 





POO IIEY OLeeY 


PIONEERS IN EVERY PHASE 
OF ELECTRICAL DEVELOPMENT 
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BABCOCK & WILCOX LTD. 


issue from time to time reprints of technical articles 
of which the following are typical. Copies of these 
and others can be obtained on application to the 


nearest branch office or representative. 





No. Il4la 


RESEARCH WORK AT 
RENFREW. 





No. 1179 | 


THE REDUCTION OF COAL 
SAMPLES FOR ANALYSIS. 





No. 1182 

BOILER INSPECTION DURING 
MANUFACTURE AND 
ERECTION. 





PE bE 


No. 1192 

MODERN METHODS’~ OF 
INDICATING WATER LEVEL 
IN BOILER DRUMS. 


The above are typical of the development work 


which lies behind any Babcock and Wilcox installation. 


BABCOCK & WILCOX LTD. 


BABCOCK HOUSE, FARRINGDON STREET, LONDON, €E.C.4 
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COVENTRY SELF-OPENING DIEHEADS 


‘THE world’s standard threading tool. 


Ideal for all normal threading operations, die changing and sharpening 
are the simplest possible operations. 


Guaranteed to cut accurate threads on all materials that can be threaded. 


Coventry Patent Zonic Lapped dies cut threads to B.S.I. close fit tolerances. 
Ten sizes for standard threads from }’ to 4)’. 


Two sizes for fine threads 2)” and 3}’. 


For long runs, particularly on material which is hard to cut, we supply 
Coventry Tangic Diehards which use tangential dies giving exceptionally 
long die life. 


Two types: Stationary .. *;", ?” and 1%’. 
Rotary ..... . 


EFFICIENT SERVICE FOR USERS. BOOKLETS ON REQUEST GIVING FULL 
INSTRUCTIONS FOR USE AND MAINTENANCE. 
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This is a typical G.E.C. 
installation carried out for 
the British Post Office 
in connection with the 
recent equipment of the 
Trunk Telephone  net- 
work for the provision 
of “demand” service 
throughout Great Britain. 











Demand switchboard at Liverpool 
zone trunk exchange manufactured 


and supplied by the G.E.C. 
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GOVERNMENT HOUSE, CALCUTTA. 


Top inset view: 
HOUSES OF PARLIAMENT, CAPE TOWN 
floodlighted by G.E.C. Projectors and OSRAM LAMPS 





G.E.C. pre-eminence in the 





field of electric lighting has been 
strikingly emphasized by the 
Jubilee celebrations throughout 
the Empire. These examples 
of G.E.C. Floodlighting in 
South Africa, India and Malaya 
are typical of many G.E.C. 


RAFFLES HOTEL, SINGAPORE ; 
with G.E.C. floodlighting. installations overseas. 














‘Just as good on the small work as on the bigger holes. 
Its rapid control is indeed remarkable. Your O.D. ‘15-23’ 
| understand ?”’ 


“Yes, every control is on the slide and within an area 
of 15” x 23”. Undoubtedly one of the secrets of 
success of the O.D. range.”’ 


‘‘| have never seen hole to hole time nearer to 
vanishing point. The demonstration has been a 
revelation to me!’’ 


“We invite you to join the band of O.D. Users. 
Over 500 of these machines are cutting costs all over 
the world. Why lag behind. ?”’ 


There is no other verdict... the Asquith O.D. is my final choice. 


Send for new catalogue R48, to 


WILLIAM ASQUITH LTD., HALIFAX 
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FOR 


BRIGHT ANNEALING 


the Grunewald Process 











Perfect annealing with a lasting bright finish, and at less cost in many cases, than 
ordinary annealing, is now being obtained by G.E.C. Electric Furnaces for the 
Griinewald process. 


The installation pictured above is at the Meadow Hall works, Sheffield, of 
Arthur Lee & Sons, Ltd. A G.E.C. vertical cylindrical type electric furnace of 


MADE IN 88 kw. capacity, and 8 Grunewald annealing pots, each with an effective loading 
ENGLAND space 28” dia. by 68” deep. 
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UTOMATIC TRAFFIC 
CONTROL SCHEME 


is 
Rs 















ns Rs 


ey oe 








- eS 
cad 
a omy Fe te -28t- 
ne & | 
mages cod 
er o ance o TANGER 
& 
| ep 
Whi] 2% 2 
fe 
sas * S 
b Sad. 
,: 2 
ere Oe. ee ew ae 
te etre ee - * 

















VEHICLE-ACTUATED 
CO-ORDINATED 


TRAFFIC CONTROL 


Handling with ease heavy traffic of widely and 
continuously varying density—up to 4,000 vehicles 
an hour, at speeds of 12 to 27 m.p.h. 

This system provides automatic integration of 
vehicle quantities and setting of cycle time to suit 
varying conditions. 

Eliminates waste of time on main streets in the 
MADE IN ENGLAND absence of traffic in side roads. 


Plan of streets in the Borough of St. Marylebone, 
showing the intersections covered by the 
AUTOFLEX traffic control system. 


Dual Master controller and Traffic integrator. 





Manufacturers : The Siemens & General Electric Railway Signal Co., Ltd., Central House, Kingsway, London, W.C.2. 
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MANUFACTURERS AND SUPPLIERS 
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t 141, Scott Street. NEWCASTLE (N.S.W.), _ eee | | 
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ie 31-37, Taranaki Street. WELLINGTON. Witton, Birmingham 3 , 
é BRIGHTON Hannaford Building (P.O. Box No. 70), CHRISTCHURCH. _ Battery Works 4 j 
ba Brunswick Buildings, High Street (P.O. Box No 1794) | Witton, Birmingham 8 4 
be BRISTOL AUCKLAND. Steel Conduit Works 5 4 
eB SOUTH AFRICA: Witton, Birmingham : 4 
ts CARDIFF THE BRITISH GENERAL ELECTRIC CO., LTD., Fan Works ; 
3 Corner of Loveday and Anderson Streets (P.O. Box No. 2406) Witton, Birmingham 4 
’ CORK , JOHANNESBURG, | Moulded Insulati ‘ 
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¢ 7 | THE GENERAL ELECTRIC CO. (INDIA), LTD.. + ae seaman 
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